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Abstract
Archdeacon showed that the class of graphs embeddable in the projective plane is character-
ized by a set of 35 excluded minors, A. Robertson, Seymour and Thomas in an unpublished
result found the excluded minors Ak for the class of k-connected graphs embeddable on the
projective plane for k = 1, 2, 3. We first give a short proof of that result and then determine
the excluded minors for the class of internally 4-connected projective graphs.
Hall showed that a 3-connected graph different from K5 is planar if and only if it has K3,3
as a minor. We provide two analogous results for projective graphs. For any minor-closed
class of graphs C, we say that a set of k-connected graphs E disjoint from C is a k-connected
excludable set for C if all but a finite number of k-connected graphs not in C have a minor
in E . Hall’s result is equivalent to saying that {K3,3} is a 3-connected excludable set for
the class of planar graphs. We classify all minimal 3-connected excludable sets and find one
minimal internally 4-connected excludable set for the class of projective graphs. In doing
so, we also prove strong splitter theorems for 3-connected and internally 4-connected graphs




This chapter contains some basic definitions and important previous results in graph theory.
The terminology used here generally follows [3].
1.1 Graphs
A graph G is an ordered pair (V (G), E(G)), where V (G) is a finite set and E(G) is a finite
multiset consisting of unordered pairs of elements of V (G). The elements of V (G) are the
vertices of G and the elements of E(G) are the edges of G. The number of vertices of G is
its order, denoted |G|, and the number of edges of G is denoted ||G||.
If u, v ∈ V (G) and e = {u, v} ∈ E(G), then u and v are the endpoints of e and we write
e = uv. An edge is incident with its endpoints and vice versa. Two edges are adjacent if they
share a common endpoint. Two vertices u, v ∈ V (G) are adjacent if uv ∈ E(G). An edge
with identical endpoints is called a loop. Two edges with the same endpoints are parallel.
A graph with no loops or parallel edges is simple. A simplification of G is a graph obtained
from G by deleting all loops and parallel edges. Graphs in this dissertation are generally
simple unless otherwise noted. The complement G of a simple graph G is the simple graph
with the same vertex set as G such that two vertices are adjacent in G exactly when they
are not adjacent in G.
The neighborhood of v ∈ V (G), denoted NG(v), is the set of vertices adjacent to v in G.
The degree of v in G, denoted dG(v) is the number of non-loop edges incident with v plus
twice the number of loop edges incident with v. If dG(v) = 3 then v is cubic in G. A vertex v
that is adjacent to all other vertices in G, or equivalently for a simple graph dG(v) = |G|−1,
is a universal vertex.
Two graphs G and H are isomorphic if there is a bijection φ : V (G) → V (H) so that
uv ∈ E(G) if and only if φ(u)φ(v) ∈ E(H). In this dissertation we do not distinguish
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between isomorphic graphs, thus we write G = H if G is isomorphic to H.
We say H is a subgraph of G, written H ⊆ G, if V (H) ⊆ V (G) and E(H) ⊆ E(G). We
say H is a spanning subgraph of G if H ⊆ G and |H| = |G|. We say H is an induced subgraph
of G if H ⊆ G and every edge in G with both endpoints in V (H) is a member of E(H). If
H is an induced subgraph of G with vertex set X, then we write H = G[X] and say H is
the subgraph of G induced by X.
If G and H are graphs, then the union of G and H, denoted G ∪ H, is the graph with
vertex set V (G)∪V (H) and edge set consisting of all edges in G and H. If V (G)∩V (H) = ∅,
then we say G and H are disjoint and G ∪ H is the disjoint union of G and H. We write
G ⊕H to denote the disjoint union of G and H. A k-sum of disjoint graphs G and H is a
graph obtained from G and H by identifying k vertices of G with k vertices of H and then
deleting a (possibly empty) subset of the edges with both endpoints among the identified
vertices. We write G⊕kH to denote a k-sum of G and H. Note that this definition of k-sum
is slightly weaker than the usual definition which requires the identified vertices of G and
H to induce complete graphs in G and H. We only use k-sums for k < 3 and introduce
this weakened definition to allow for 2-sums of G and H where the identification happens at
non-adjacent vertices of G or H.
A complete graph is a simple graph with an edge between each distinct pair of vertices. A
complete graph on n vertices is denoted Kn. The complete graph on 3 vertices is a triangle.
A graph G is bipartite if V (G) = X ∪ Y , where X ∩ Y = ∅ and all edges of G have one
endpoint in X and one endpoint in Y . The sets X and Y are the partite sets of G. We say
G is a complete bipartite graph if G is a simple bipartite graph with partite sets X and Y
and for every x ∈ X and y ∈ Y , we have xy ∈ E(G). If |X| = m and |Y | = n we denote the
complete bipartite graph as Km,n.
A path P is a graph with V (P ) = {v0, v1, . . . , vn} and E(P ) = {v0v1, v1v2, . . . , vn−1vn},
and we write P = v0v1 . . . vn. The number of edges in a path is its length and a path with
length n is denoted Pn. The vertices v0 and vn are the endpoints of P and we say P is a
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v0vn-path. The path vivi+1 . . . vj for 0 ≤ i < j ≤ n that is a subgraph of P is denoted viPvj.
The set {v1, v2, . . . , vn−1} is the interior of P . Two paths are internally disjoint if their
interiors are disjoint. If X, Y ⊆ V (G), then an X-Y -path is a path in G with one endpoint
in X and one endpoint in Y . Note that if X ∩ Y 6= ∅, then a vertex of X ∩ Y is considered
an X-Y -path.
A cycle C is a path v1v2 . . . vn together with the edge v1vn. We also write C = v1v2 . . . vnv1.
The number of edges in a cycle is its length and a cycle with length n is an n-cycle and is
denoted Cn. An edge e 6∈ E(C) with both endpoints in V (C) is a chord of C. A graph
with no cycles is a forest. A vertex with degree 1 in a forest is a leaf. A wheel W is a cycle
v1v2 . . . vnv1 together with another vertex adjacent to each vi for i = 1, 2, . . . , n. A wheel
with n+ 1 vertices is denoted Wn.
A matching M of a graph G is a set of non-loop edges so that no two members of M
have the same endpoints.
1.2 Connectivity
A k-separation of a graph G is a pair (G1, G2) of subgraphs such that E(G1)∪E(G2) = E(G),
E(G1) ∩ E(G2) = ∅, V (G1) ∪ V (G2) = V (G), V (G1) − V (G2) 6= ∅ 6= V (G2) − V (G1),
|V (G1)∩V (G2)| = k, and each vertex in V (G1)∩V (G2) is incident with at least one edge in
each of G1 and G2. The set V (G1)∩ V (G2) is the cut set of the separation and is also called
a cut set of G or a k-cut in G. If X ⊆ V (G1) and Y ⊆ V (G2) then the separation (G1, G2)
separates X and Y .
The following is a classical result of Menger [8]:
Theorem 1.2.1 (Menger’s Theorem). Let X, Y ⊆ V (G). The maximum number of disjoint
X-Y -paths in G is equal to the minimum k such that there is a k-separation of G separating
X and Y .
If X, Y ⊆ V (G), then we say a set Q of vertex disjoint X-Y -paths exceeds another set P
of vertex disjoint X-Y -paths if |Q| > |P| and the set of endpoints of paths in Q is a superset
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of the set of endpoints of paths in P . We will also make use of the following common variant
of Menger’s Theorem, which can be found in [3]:
Proposition 1.2.2. Let X, Y ⊆ V (G) and let P be a set of disjoint X-Y -paths of G. Then
either G has a set of vertex disjoint X-Y -paths exceeding P or G has a k-separation (G1, G2)
with X ⊆ V (G1) and Y ⊆ V (G2).
A graph G is k-connected if |G| > k and G has no k′-separation for any k′ < k. A
1-connected graph is connected. A graph that is not connected is disconnected. A maximal
connected subgraph of a graph G is a component of G. A connected graph with no cycles is
a tree. Note that a forest is a graph whose components are all trees. We also say a graph G
has connectivity k if G is k-connected but is not (k + 1)-connected. A graph G is internally
(k + 1)-connected if G is k-connected and for any k-separation (G1, G2) of G, it holds that
min{||G1||, ||G2||} = k.
1.3 Graph Operations, Minors, and Subdivisions
If X ⊆ V (G), then the graph obtained by deleting all members of X and any edge incident
to members of X from G is denoted G −X. If X = {v}, then we let G − v = G − {v}. If
Y ⊆ E(G), then the graph obtained from G by deleting Y from E(G) is denoted G\Y . If Y
is a set of unordered pairs of vertices of G, then the graph obtained by adding Y to E(G) is
denoted G + Y . If Y = {e}, then we let G\e = G\{e} and G + e = G + {e}. A graph G is
an edge addition of H if G = H + e.
If e = uv ∈ E(G), then the contraction of e in G, denoted G/e is the graph obtained
from G− uv by identifying vertices u and v to create a new vertex w incident with all edges
of G that were incident with either u or v. If e is a loop, then G/e = G− e. If Y ⊆ E(G),
then G/Y is the graph obtained by successively contracting each edge in Y .
We say H is a minor of G, written H 6m G, if H can be obtained from G by deleting
vertices and edges and contracting edges. In other words, H = ((G − X)\Y )/Z, where
X ⊆ V (G) and Y, Z ⊆ E(G). If H is a minor of G, we often think of G as a collection of
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disjoint subtrees {Tv : v ∈ V (H)} together with a set of edges E ⊆ E(G) and a set of vertices
V ⊆ V (G) so that H is obtained from G by contracting all edges in each Tv, deleting the
edges in E and deleting all vertices in V . We say that H is a proper minor of G if H 6m G
but H 6= G.
A class of graphs C is minor-closed if any minor of a graph in C is also in C. Note that
any minor-closed class of graphs C can be described by the minor-minimal members E not
in C. We call the members of E excluded minors for C. For any graph H, a graph G is called
H-free if H is not a minor of G. For a set H of graphs, G is H-free if G is H-free for all
H ∈ H. Note that a graph G is in a class of graphs C if and only if G is E-free, where E is
the set of excluded minors for C. The following theorem of Robertson and Seymour is one
of the most important and deep results in graph theory [11]:
Theorem 1.3.1 (Graph Minor Theorem). Any minor-closed class of graphs that is not the
set of all graphs has a finite number of excluded minors.
We say H is a Y∆-transformation of G, written G
Y ∆−−→ H, if H is obtained from G
by deleting a cubic vertex v ∈ V (G) with NG(v) = {v1, v2, v3}, deleting all edges incident
with v in G, and adding edges v1v2, v1v3, and v2v3. We say H is a Y∆-minor of G if
H is obtained from G by deleting edges and vertices, contracting edges, and performing
Y∆-transformations.
We say that a graph G is a subdivision of a graph H if G is obtained from H by replacing
each edge e ∈ E(H) with a path between the endpoints of e so that all such paths are
internally disjoint. A graph G is a vertex split of H if G/e = H for some e ∈ G, where
both endpoints of e have degree at least three in G. Equivalently, G is obtained from H by
deleting a vertex v ∈ V (H) of degree at least four, then adding two adjacent vertices v1 and
v2, and making every neighbor of v adjacent to precisely one of v1 or v2 so that v1 and v2
have degree at least three in G. The following well-known proposition will be useful several
times in this dissertation.
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Proposition 1.3.2. If H is a minor of G, then G either has a vertex split of H as a minor
or a subdivision of H as a subgraph.
We will make use of a general notation for defining graph operations as follows. Let
G be a graph, and let v1, v2, . . . , vk be distinct vertices of G with k ≥ 2. If k > 2, define
G+ (v1, v2, . . . vk) to be the graph obtained by adding a new vertex to G adjacent to each of
v1, v2, . . . , vk. If k = 2, let G+(v1, v2) = G+v1v2. Now let x1, x2, . . . , xk be distinct members
of V (G) ∪ E(G) and let G′ be a graph obtained from G by deleting xi for each xi ∈ E(G)
and adding a vertex ui adjacent to both ends of xi. If xi ∈ V (G), let ui = xi. Then define
G+ (x1, x2, . . . , xk) to be G
′ + (u1, u2, . . . , uk).
1.4 Graph Embeddings
We will use the terminology of [9] for embedding graphs in topological spaces. A simple curve
C in a topological space X is the image of a continuous injective function f : [0, 1] → X.
The curve C connects its endpoints f(0) and f(1). A graph G is embedded in X if the vertices
of G are distinct elements of X and every edge e ∈ E(G) is a simple curve in X connecting
the two vertices incident to e in G. An embedding of G in X is an isomorphism from G to
G′, where G′ is a graph embedded in X. If there is an embedding of G in X we say G is
embeddable in X.
In this dissertation we will consider only graphs embedded in surfaces, which are con-
nected compact Hausdorff spaces that are locally homeomorphic to an open disc. Note that
the set of graphs CS embeddable in a surface S is minor-closed. To see this, consider a graph
G ∈ CS. We know there is an embedding of G in S. But then for any e = uv ∈ E(G), we
can define an embedding of G− e in S by deleting all but the endpoints of the simple curve
corresponding to e. We can also define an embedding of G/e in S by sliding u and v along
the simple curve corresponding to e until they meet, in such a way that no edges intersect.
Since CS is minor-closed, we know by Theorem 1.3.1 that there is a finite set of excluded
minors ES for CS. The set ES is known only for the sphere and the projective plane.
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A graph embeddable in the sphere, or equivalently in the plane (R2), is planar. A graph
that is not planar is non-planar. The following result is Wagner’s extension [13] of a classical
theorem of Kuratowski [7] which classifies the excluded minors for planar graphs:
Theorem 1.4.1. A graph is planar if and only if it has no minor isomorphic to K5 or K3,3.
A graph embeddable in the projective plane (RP 2) is projective. A graph that is not pro-
jective is non-projective. Note that RP 2 is homeomorphic to a disk D2 with antipodal points
on the boundary identified. This provides a nice way to represent projective embeddings
of graphs by drawing them in a disk where identifying antipodal points of the boundary
gives the embedding in the projective plane. See for example the embedding of K6 in the
projective plane in Figure 1.1.
Figure 1.1: An embedding of K6 on the projective plane
The following is a result of Archdeacon which classifies the excluded minors for projective
graphs and will be important throughout this dissertation [1]:
Theorem 1.4.2. A graph is projective if and only if it has no minor isomorphic to one of
the 35 graphs in the class A shown in Appendix A.
The graphs in Appendix A are sorted by connectivity. The labels for the graphs are the
original labels used in Archdeacon’s paper. We will refer to the graphs in A by these labels
throughout this dissertation.
1.5 The Splitter Theorem and Excludable Sets
The following Theorem is a consequence of Seymour’s splitter theorem for matroids [12],
which was also proved independently by Negami [10].
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Theorem 1.5.1 (3-Connected Splitter Theorem). Let H be a 3-connected minor of a 3-
connected graph G such that H is not a wheel. Then G can be obtained from H by a sequence
of vertex splits and edge additions.
Hall proved the following interesting consequence of the 3-connected splitter theorem [4].
Theorem 1.5.2. A 3-connected graph that is not isomorphic to K5 is planar if and only if
it does not have K3,3 as a minor.
In this dissertation, we consider several results analogous to Hall’s for the projective
plane. In order to state these results we need a few definitions. For any minor-closed class of
graphs C, a k-connected excludable set E for C is a set of k-connected graphs disjoint from C
so that there are only finitely many k-connected E-free graphs not in C. In other words, with
finitely many exceptions, a k-connected graph is in C if and only if it is E-free. The set of
E-free graphs not in C is the exception set corresponding to E . In this sense an excludable set
acts like a set of excluded minors for C, with finitely many exceptions consisting of graphs
in the exception set. We define an internally k-connected excludable set similarly.
We say that a k-connected excludable set E for a class of graphs C is minimal if for each
G ∈ E , no minor of G is k-connected and not in C, and there is no k-connected excludable
set E ′ with E ′ ⊆ E . Note that a minimal excludable set is a subset of the minor-minimal
k-connected graphs not in C. We say that a k-connected excludable set E is minimum if E
is minimal and there is no k-connected excludable set E ′ with |E ′| < |E|.
Note that Hall’s result is equivalent to saying that {K3,3} is a 3-connected excludable set
for planar graphs with corresponding exception set {K5}. Moreover, {K3,3} is a minimum
excludable set since there can be no excludable set of size 0.
1.6 Main Results
We are now ready to discuss the main results of this dissertation. Let Ak be the set of k-
connected members ofA. Robertson, Seymour and Thomas proved the following unpublished
result:
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Theorem 2.1.3. A k-connected graph is projective if and only if it has no member of Ak
as a minor for 0 ≤ k ≤ 3.
In Chapter 2 we give a short proof of this result, and we go one step further by finding
the minor-minimal internally 4-connected non-projective graphs, A′4.
Theorem 2.1.4. An internally 4-connected graph is projective if and only if it has no minor
isomorphic to one of the 23 graphs in the class A′4 shown in Appendix B.
Since the set of minor-minimal 3-connected non-projective graphs are known, it is a
natural question to ask whether a theorem similar to Hall’s for planar graphs exists for
projective planar graphs. In Chapter 3, we classify all such results for 3-connected non-
projective graphs by finding every minimal 3-connected excludable set for projective graphs.
Theorem 3.1.1. There are precisely two minimal 3-connected excludable sets for the class
of projective graphs: E1 = A3 − {A2, C4, C7, D17} and E2 = A3 − {B7, C7, D17}.
As part of the proof of this result, we prove a strong 3-connected splitter theorem for
graphs that is analogous to Kingan and Lemos’s strong splitter theorem for matroids [6].
Note that edge split and triad addition are two graph operations that will be defined in
Chapter 3.
Theorem 3.2.1. Suppose a 3-connected graph G has a 3-connected minor H with |G| > |H|.
Then G contains a vertex split, edge split, or triad addition of H as a minor.
Next, as a part of our goal to classify the internally 4-connected excludable sets for
projective graphs, we needed a strong splitter theorem for internally 4-connected graphs. No
true splitter theorem is currently known for internally 4-connected graphs. But we are able
to prove, in Chapter 4, a strong splitter-type result that is the strong version of Johnson and
Thomas’s splitter-type result [5]. The precise definitions of the graphs and graph operations
in this result can be found in Chapter 4. Note that this is not a true splitter theorem since
the vertex split operation does not always result in an internally 4-connected graph. Also
note that the edge split and triad addition operations in Theorem 4.1.2 are more restricted
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than the edge split and triad addition operations of Theorem 3.2.1 to ensure the resulting
graphs are internally 4-connected.
Theorem 4.1.2. Let H be an internally 4-connected minor of an internally 4-connected
graph G, with |G| > |H|. Assume if H = Ln, then G does not have Ln+2 as a minor, if
H = Mn, then G does not have Mn+2 or QMn+1 as a minor, if H = ADWn, then G does not
have ADWn+2 or DWn+1 as a minor, and if H = ADW
+
n , then G does not have ADW
+
n+2
or DW+n+1 as a minor. Then G has a vertex split, edge split, triad addition, quadrangular
extension, cube extension, theta extension, or handcuff extension of H as a minor.
Finally, in Chapter 5, we use the strong internally 4-connected splitter-type result to find
one minimum internally 4-connected excludable set for projective graphs.
Theorem 5.1.1. {E20, E22, F4, D′3, D′′3 , E ′′5 , F ′1} is a minimum internally 4-connected exclud-
able set for the class of projective graphs.
1.7 Computation
The results of Chapters 2, 3, and 5 are heavily dependent on computer code. The two basic
things we use a computer for are:
• testing if two graphs are isomorphic;
• constructing a graph from a given graph by performing a particular operation (for
example, deleting a vertex or edge, contracting an edge, G+ (x1, x2, . . . , xn), etc.).
From these we can generate a list of all non-isomorphic graphs obtained from a given graph
by performing a certain operation. We can also test to see if a given graph is a minor of
another graph. Furthermore, we can test to see if a given graph is H-free, where H is a set
of graphs.
In Chapters 2, 3, and 5, we will make statements of the following two kinds without
proof:
• “There are x non-isomorphic graphs obtained by performing operation O on graph G”;
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• “All graphs in L1 have a minor among L2”.
When these statements are made, a computer program was used to generate a list of non-
isomorphic graphs L1 obtained by performing O on G, and to check for minors among a
desired list of minors L2. We provide the output data in two different forms in the Appendices
to make it easier for an interested reader to verify the information presented here. First, in
Appendices C, E, and G, we give the list of edges for each graph generated in Chapters 2, 3,
and 5. Second, in Appendices D, F, and H, we give tables that showing the edges to delete
and contract in a given graph to produce the desired minor.
While these statements could potentially be verified by hand, the work required to do
so would be incredibly tedious for the problems considered here. In Chapter 2, we generate
4759 graphs by performing operations on 26 graphs. We then find 360 of those 4759 graphs
to be minor-minimal, and check each of the 360 graphs for desired minors. In Chapter 3,
we generate 107 graphs by performing operations on 5 graphs, and check each of these for
desired minors. Finally, in Chapter 5, we generate 1825 graphs by performing operations on
41 graphs, and check each of these for desired minors.
All the computation in this dissertation was verified by two independently written com-





There are 35 excluded minors for projective planar graphs shown in Appendix A. This set
consists of three graphs of connectivity zero, three graphs of connectivity one, six graphs
of connectivity two (0-, 1-, and 2-sums of K5 and K3,3), and 23 graphs of connectivity at
least three. Since in many applications the graphs in consideration have high connectivity,
it is desirable to refine the excluded minors for projective planar graphs assuming high
connectivity.
2.1 Introduction
The following is a simple fact for which we give a short proof:
Proposition 2.1.1. If a connected graph G has H = H1 ⊕ H2 as a minor, then G has
H1 ⊕1 H2 as a minor.
Proof. Since G is connected, we may assume H is obtained by only contracting and deleting
edges. Thus there are disjoint trees Tv ⊆ G for each v ∈ V (H) so that H is obtained by
contracting all edges in each Tv and deleting a set of edges E. Let Vi be the set of vertices
in some Tv for v ∈ V (Hi) for i = 1, 2. Note that (V1, V2) is a partition of V (G) since no
vertex is deleted to obtain H from G. Since G is connected, there is an edge e in G from V1
to V2. Then the graph obtained from G by contracting e, contracting all edges in each Tv,
and deleting the edges in E − E(P ) is isomorphic to H1 ⊕1 H2.
Corollary 2.1.2. A connected graph is projective if and only if it has no member of A1 as
a minor.
Proof. The graphs of connectivity 0 in A are K5 ⊕ K5, K5 ⊕ K3,3, and K3,3 ⊕ K3,3. If a
connected graph G has K5 ⊕K5, K5 ⊕K3,3, or K3,3 ⊕K3,3 as a minor, then by Proposition
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2.1.1, G contains K5 ⊕1 K5, K5 ⊕1 K3,3, or K3,3 ⊕1 K3,3 as a minor, which are all members
of A1.
In an unpublished result, Robertson, Seymour, and Thomas showed that this holds for
graphs of connectivity 2 and 3 also:
Theorem 2.1.3. A k-connected graph is projective if and only if it has no member of Ak as
a minor for 0 ≤ k ≤ 3.
Note that for k = 0 this is equivalent to Archdeacon’s original result and for k = 1, this is
equivalent to Corollary 2.1.2. We give a short proof of the cases k = 2, 3 in Theorems 2.3.1
and 2.3.2.
There have been several attempts to establish a similar result for internally 4-connected
graphs. Maharry and Slilaty proved an unpublished result that says that internally 4-
connected projective graphs are classified by a subset of A, some of which are not inter-
nally 4-connected. Thomas observed that there are at least two minor-minimal internally
4-connected non-projective graphs that are not members of A. We have found the complete
set of minor-minimal internally 4-connected non-projective graphs, A′4, and it turns out that
|A′4| = |A3| = 23.
Theorem 2.1.4. An internally 4-connected graph is projective if and only if it has no minor
isomorphic to one of the 23 graphs in the class A′4 shown in Appendix B.
If we allow for Y∆-minors, we can shorten this list significantly:
Corollary 2.1.5. An internally 4-connected graph is projective planar if and only if it does








1 as a Y∆-minor.
The method of proof for Theorem 2.1.4 is to begin with Archdeacon’s list of excluded
minors and increase the connectivity. In Section 2.2, we introduce the method of increasing
connectivity through a graph operation we call a twist. In Section 2.3, we apply the twist
operation to A1 and A2 to give a short proof of Theorem 2.1.3. In Section 2.4, we report
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the results of applying the twist operation to A3. Finally in Section 2.5, we give proofs of
Theorem 2.1.4 and Corollary 2.1.5.
2.2 Divisions and Twists
Let H be a minor of G and let (H1, H2) be a k-separation of H. If G has a k-separation
(G1, G2) such that E(Hi) ⊆ E(Gi) for i = 1, 2, then we say that (H1, H2) extends to (G1, G2).
If (H1, H2) does not extend to any k-separation of G, then G has a minimal minor H
′ such
that H ′ contains H as a minor and (H1, H2) does not extend to any k-separation of H
′. We
can think of H ′ as a result of fixing the separation (H1, H2) of H. According to the Graph
Minor Theorem (Theorem 1.3.1, there are only finitely many such graphs H ′ for any given
H and (H1, H2). Therefore every separation can be fixed in finitely many ways.
It is possible to find these H ′ graphs explicitly using alternating walks (see Section 3.3
of [3] for its definition). However, this method requires adding many new edges. To fix
a 2-separation, we need to add up to 10 extra edges. To fix a 3-separation, we need to
add as many as 23 extra edges. Such a drastic increase in the number of edges makes the
alternating walk approach non-practical. Instead we will relax the conditions for fixing a
separation slightly by allowing our H ′ to not contain H as a minor. This weakened fix may
not be powerful for all problems as it allows the H ′ graphs to potentially fall outside of the
class of graphs one is interested in. But it is powerful enough in the case of projective graphs.
The remainder of this section describes this weakened fix operation.
First, we introduce a more generalized idea of separation that will allow us to deal with
multiple separations at the same time. A k-division of a graph G is a triple (G1, G2,M), such
that G1 and G2 are subgraphs of G and M is a matching from a subset of V (G1)−V (G2) to a
subset of V (G2)−V (G1), (E(G1), E(G2),M) is a partition of E(G), |V (G1)∩V (G2)|+|M | =
k, V (G1)− V (G2) 6= ∅ 6= V (G2)− V (G1), every vertex in V (G1)∩ V (G2) is incident with at
least one edge in each of G1 and G2, and every vertex in V (Gi) ∩ V (M) is incident with at
least one edge of Gi for i = 1, 2. Note that we allow M to be empty, in which case (G1, G2)
is a k-separation of G. If H is a minor of G, then we say that a k-division of H, (H1, H2,M)
14
extends to a k-separation (G1, G2) of G if E(Hi) ⊆ E(Gi) for i = 1, 2.
A weak vertex split of a graph G at v ∈ V (G) is a graph obtained from G− v by adding
two new adjacent vertices v′, v′′ and making each neighbor of v in G adjacent to exactly one
of v′, v′′ such that not all such neighbors are adjacent to only one of v′, v′′. Note that a weak
vertex split allows v′ or v′′ to have degree two, which is not allowed in a regular vertex split.
A rooted graph (G,R) is a graph G together with a specified set R of vertices that we call
roots. Let (G1, G2,M) be a k-division of G and let Vi = V (Gi), V
′
i = Vi ∩ V (M) (i = 1, 2),
and V0 = V1 ∩V2. For i = 1, 2, let Gi consist of all rooted graphs of the following two types:
(i) (Gi, R), where R = V0 ∪ V ′i ∪ {v} with v ∈ Vi − V0 − V ′i ;
(ii) (G′i, R), where G
′
i is a weak vertex split of Gi at v ∈ V0∪V ′i and R consists of vertices
in V0 ∪ V ′i − {v} and the two new vertices.
We point out that |R| = k + 1 in both cases. To avoid potential confusion in the following
discussion, we assume that members of Gi are isomorphic copies of the above-mentioned
rooted graphs. Therefore, we can say that graphs in G1 and G2 are vertex disjoint. To make
a connection with the original graphs, we assume that each root vertex x has a label `(x)
such that `(x) is the vertex in G that corresponds to x. In case the root vertex x corresponds
to a vertex obtained by splitting v then `(x) = v (instead of v′ or v′′).
Example 1. Let G be the 1-sum of K3,3 and K5, and let (G1, G2) be the corresponding
1-separation. Rooted graphs in G1 and G2 are illustrated below (when two rooted graphs are
isomorphic only one is shown), where square vertices are the roots and the labels are not
shown.
Figure 2.1: From (G1, G2) to rooted graphs in G1 and G2
Example 2. In the last example M = ∅. Figure 2.2 below shows a 3-division of an
Archdeacon graph with M 6= ∅ and the two non-isomorphic rooted graphs in Gi (i = 1, 2).
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Figure 2.2: A 3-division and rooted graphs K12,3, K
2
2,3
Let G be the set of all graphs constructed as follows: Let (J1, R1) ∈ G1 and (J2, R2) ∈ G2.
Let L be a perfect matching between R1 and R2 and let J = J1∪J2 +L. Let L0 be the set of
edges x1x2 in L such that `(x1) = `(x2). Note that this condition implies `(x1) ∈ V0. Then
J/L0 is a graph in G. In case L0 has two edges x1x2, y1y2 such that x1, y1 ∈ R1, x2, y2 ∈ R2,
and `(x1) = `(x2) = `(y1) = `(y2), then x1, y1 are obtained from splitting a vertex v, and
x2, y2 are obtained from splitting the same vertex v. In this special case, we put J/L0\e1
(instead of J/L0) in G since contracting L0 would make the two edges e1 = x1y1, e2 = x2y2
in parallel. Members of G are called twists of the k-division (G1, G2,M).
We are now ready to state the result that will be used to fix the connectivity of a minor:
Theorem 2.2.1. If H 6m G and (H1, H2,M) is a k-division of H that does not extend to
a k-separation of G, then G has a twist of (H1, H2,M) as a minor.
We first prove the theorem in this section and we give examples of how to use it in the
next section. Before we prove the theorem, we make a few remarks about its uses. Suppose
H ′ is a twist of a k-division (H1, H2,M) of H. Then H
′ contains both H1 and H2 as minors.
Moreover, H ′ has no k-separations that separate the two minors, which means that the given
division is fixed. Furthermore, H ′ is only slightly bigger than H since H ′ may have at most
k+2−|M | extra edges. In general, however, H is no longer a minor of H ′. This is the price we
must pay for fixing a division with a small number of extra edges. When we use the theorem
for projective graphs, twists may destroy the non-projective minor. Fortunately, we can
maintain the non-projective planarity which makes the twist operation powerful enough for
our proof. In general, a twist of a non-projective graph may be projective, but by choosing
our divisions carefully we avoid this situation. Finally, we should clarify that although a
twist can fix any given division, it may at the same time create new divisions. This could
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be a problem in certain applications, but it does not cause any trouble for us.
We begin with a lemma that will be used to prove Theorem 2.2.1. Let G be a graph and
let A,B be subsets of V (G). A subgraph G′ of G is called A-B mixed if V (G′) ∩ A 6= ∅ 6=
V (G′) ∩B. If this condition is not satisfied, then G′ is called A-B monotone.
Lemma 2.2.2. Let T be a tree and let A,B ⊆ V (T ). Then either there exists a vertex t
such that all components of T − t are A-B monotone or there is an edge e such that both
components of T\e are A-B mixed.
Proof. Let us assume that, for every edge e, at least one component of T\e is A-B monotone,
otherwise we are done. We prove the existence of vertex t for which every component of
T − t is A-B monotone. For any edge e = t1t2 of T , let T1, T2 be the two components of T\e
with ti ∈ V (Ti) for i = 1, 2. We may assume that exactly one of T1, T2 is A-B monotone
because otherwise either t1 or t2 could be our t. Let us direct edge e from ti to tj if Ti is
A-B monotone. Since T is a tree, the resulting directed graph is acyclic, which implies the
existence of a vertex t such that every edge incident with it is directed to it. Clearly, t is the
vertex we are looking for.
Proof of Theorem 2.2.1. Since H is obtained from G by deleting vertices, deleting edges, and
contracting edges, we may assume that there exist vertex disjoint subtrees Tv (v ∈ V (H)) of
G such that, if e ∈ E(H) is incident with u, v ∈ V (H), then, as an edge of G, e is between Tu
and Tv. For i = 1, 2, let V (Hi) = Vi and E(Hi) = Ei. Let X = V1 ∩ V2 = {x1, x2, . . . , xk0}.
Let Ai be the set of vertices of Txi that are incident with edges of H1 and let Bi be the set of
vertices of Txi that are incident with edges of H2. It follows from the definition of k-division
that Ai 6= ∅ 6= Bi, for all i. Suppose there is an edge e in some Txi so that both components
of Txi\e are Ai-Bi mixed. Then contract all edges of each Tv except e, delete all other edges
not in H except e, and delete remaining vertices not in H (other than the ends of e) to get
a minor H ′. Note that H ′ can be obtained from H by splitting vertex xi. Moreover, H
′ is




2 of type (ii), and then by identifying roots of H
′
1 to roots of H
′
2 with the same label
and by adding the edges of M .
Thus by Lemma 2.2.2, we may assume there is a vertex ui in Txi so that all components of
Txi−ui are Ai-Bi monotone for each i = 1, 2, . . . , k0. It follows that Txi has two edge disjoint
subtrees TAi and TBi that contain the entire Ai and Bi, respectively. Let us choose these two
subtrees such that they are minimal and let Pi be the unique minimal path between these
two subtrees in Txi . Now let Y = V1 ∩ V (M) = {yk0+1, yk0+2, . . . , yk} and Z = V2 ∩ V (M) =
{zk0+1, zk0+2, . . . , zk}. For i = k0 + 1, k0 + 2, . . . , k, let Ai be the set of vertices in Tyi incident
with edges of G1 and Bi be the set of vertices in Tzi incident with edges of G2. Note that
Ai 6= ∅ 6= Bi by the definition of k-division. Then Tyi and Tzi have minimal subtrees TAi
and TBi containing the entire Ai and Bi, respectively. Let Pi be the unique minimal path
between these two subtrees in Tyi ∪ Tzi + ei, where ei is the edge in H corresponding to the
matching edge yizi. For i = 1, 2, ..., k, let the ends of the path Pi be ui1 in TAi and ui2 in
TBi .
















. Then P is a set of k disjoint A-B paths,
and by Lemma 1.2.2, G has either a set of vertex disjoint A-B paths exceeding P or a k-
separation (G1, G2) with A ⊆ V (G1) and B ⊆ V (G2). Note that the second alternative does
not happen because otherwise E1 ⊆ E(G[A]) ⊆ E(G1) and E2 ⊆ E(G[B]) ⊆ E(G2), and
(H1, H2,M) extends to (G1, G2).
Now we may assume that G has a set of vertex disjoint A-B paths P ′ = {P ′1, P ′2, . . . , P ′k+1}
exceeding P . Let ua ∈ A and ub ∈ B be the two ends of paths of P ′ that are not ends of
any path of P . We prove that G has a minor that is a twist of (H1, H2,M). To do so, we
prove that G[A] and G[B] can be reduced to rooted graphs in H1 and H2, respectively, and
paths in P ′ provide a matching L between the two rooted graphs.
Since A and B are symmetric, it is enough for us to consider G[A]. Let us contract each
Tv (v ∈ V1 − X − Y ) and TAi , except for TAi that contains ua (this TAi may or may not
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exist). In the exception case, let Q be the path in TAi from ua to ui1. Clearly, Q has at
least one edge e since ua is not an end of Pi. Let us contract all edges of TAi except for
e. Then by deleting edges we can reduce G[A] to a rooted minor (H ′1, R1) ∈ H1, where
R1 = {ua, u11, u21, ..., uk1}. This is clear if ua belongs to Tv for some v ∈ V1−X−Y since we
obtain a rooted graph of type (i). If ua belongs to some TAi , from the minimality of TAi we
deduce that both components of TAi\e contain vertices of Ai, and thus we obtain a rooted
graph of type (ii).
Note that paths of P ′ are between R1 and R2. For each path of P ′ with at least one edge
we contract it to a single edge. We also contract the last edge if the path is between roots
of the same label, meaning that the path is between TAi and TBi for some i ≤ k0. If a path
of P ′ consists of a single vertex, that is, one of the xi, then we consider the path as a result
of contracting an auxiliary edge (of the matching L) between xi ∈ R1 and xi ∈ R2. Thus
we have produced a minor of G that is a twist of (H1, H2,M) using (H
′
1, R1) and (H
′
2, R2),
which proves the theorem. 
2.3 Twists of A1 and A2
Theorem 2.2.1 can be applied directly to determine both the 2- and 3-connected minor-
minimal non-projective graphs already previously determined by Robertson, Seymour and
Thomas.
Theorem 2.3.1. A 2-connected graph is projective if and only if it has no member of A2 as
a minor.
Proof. We need only to prove that every 2-connected non-projective graph G contains a
graph in A2 as a minor. Since G is connected, by Corollary 2.1.2, G has a member of A1
as a minor. The only graphs in A1 but not in A are 1-sums of K3,3 and K5, so we may
assume G has a minor A ∈ {K5 ⊕1 K5, K5 ⊕1 K3,3, K3,3 ⊕1 K3,3}. By Theorem 2.2.1, G
contains a twist J of the unique 1-separation of A as a minor. Suppose J is constructed
from rooted graphs (Ji, Ri) (i = 1, 2). Then (Ji, Ri) is one of the six graphs illustrated in
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5 , respectively. Note that K
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can be contracted to K13,3, K
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5 can be contracted to K
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5 , which implies that there
are six choices for the pair J1, J2. Let L be the matching that is used to construct J from
J1, J2. Then contracting L (instead of L0 ⊆ L) results in a minor J ′ of J and thus of G.
Clearly, for the six choices of J1, J2, minor J
′ corresponds exactly to the six graphs in A of
connectivity two: B3, C2, D1, D4, E6, and F6, which are illustrated in Appendix A.
This theorem is easy to prove because of two main reasons. First, both parts of the 1-
separation are highly symmetric, which reduces the number of cases. The better connected
our graphs get, the less symmetric they are. Second, the entire matching L can be contracted
in a twist, which also reduces the number of cases significantly. This is no longer true for
higher connectivity.
Theorem 2.3.2. A 3-connected graph is projective if and only if it has no member of A3 as
minor.
Proof. We need only prove that every 3-connected non-projective graph contains a graph in
A3 as a minor. By Theorem 2.3.1, we may assume that G has a graph A ∈ A2 as a minor,
where A is one of the six graphs in A2 of connectivity two: B3, C2, D1, D4, E6, or F6. Notice
that each of these graphs is a 2-sum of two graphs among {K3,3, K5}. By Theorem 2.2.1, G
contains a twist J of the 2-separation of A as a minor where J is constructed from rooted











5 , and K
2
5 , respectively. Let L be the matching used to construct
J from J1 and J2. We prove that J contains a member of {C7, D3, E3, E5, F1} ⊆ A3 as a
minor. These graphs are pictured in Appendix A.
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3,3 , and K
1
5 . Notice that K2,3 rooted at the three mutually non-adjacent vertices can
be obtained from KN23,3 , K
E1
3,3 , and K
1
5 by contracting and deleting edges. Thus if (J1, R1) or
(J2, R2) is K
N1
3,3 , then J
′ contains K3,5 = E3 ∈ A3 as a minor. Now we may assume that
(J1, R1) is K
N2




3,3 , or K
1
5 . If (J2, R2) is K
N2
3,3 , delete an edge from it
to obtain KE13,3 ; if (J2, R2) is K
E1
3,3 , J
′ has (after deleting the edge with both ends in R2) either
E5 ∈ A3 or F1 ∈ A3 as a subgraph; and if (J2, R2) is K15 , J ′ has D3 ∈ A3 as a subgraph.
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5 for i = 1, 2. Suppose (J1, R1) is K
E2
3,3
or K25 . We contract the entire matching L to obtain J





it to KE13,3 or K
1
5 , respectively. In case (J1, R1) is K
E2
3,3 , if (J2, R2) is K
E1
3,3 , J
′ has F1 as a
minor, and if (J2, R2) is K
1
5 , J
′ has D3 as a minor. So (J1, R1) is K
2




has C7 ∈ A3 as a subgraph (by deleting edges with both ends in R2). So (J2, R2) is KE13,3 . If
the degree two root of R1 is contracted to the degree three root of R2, then J
′ has F1 as a









5 for i = 1, 2. In this case, we may no longer contract the
entire matching L since this may result in a projective graph. Let {v1, v2} be the 2-cut of A
and let x, y be the third vertex of R1, R2, respectively. Suppose both (J1, R1) and (J2, R2)
are K15 . If xy 6∈ L, then J/L is isomorphic to B1 (after deleting a parallel edge); if xy ∈ L,
then contracting the other two edges of L leads to a C7 minor. Thus we assume that (J2, R2)
is KE13,3 . By contracting the two edges of L that are not incident with x, and reducing (J2, R2)
to K2,3 rooted at the three mutually non-adjacent vertices, it is clear that either D3 or F1 is
a minor.
2.4 Twists of A3
In this section we apply Theorem 2.2.1 to the twelve graphs in A3 that are not internally
4-connected. These twelve are B1, C7, D3, D9, D12, E3, E5, E11, E19, E27, F1, and G1 shown
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in Appendix A.
The proofs in this section will be very similar to the proof of Theorems 2.3.1 and 2.3.2.
However, now we are dealing with 3-separations instead of 1- or 2-separations, and the
amount of case-checking increases drastically. We therefore use a computer program to
generate the twists and check for minors. Section 1.7 contains more information about
computation in this dissertation. The edge lists of the twists can be found in Appendix C,
and the edges to contract and delete to produce desired minors can be found in Appendix
D.
Throughout this section we will indicate a 3-division (G1, G2,M) as a figure with a dashed
line through the vertices of V (G1) ∩ V (G2) and edges of M , where edges of G1 are left of
the dashed line, and edges of G2 are right of the dashed line. Note that some output graphs
in these lemmas are not internally 4-connected, which means that there are dependencies
among the non-internally 4-connected members of A3. We will handle these dependencies
in Section 4.





1 , and D3.
Figure 2.4: 3-separations of B1 and B
a
1
Proof. Consider the 3-separation of B1 shown in Figure 2.4. There are 146 twists of this
separation, and 11 of these are minor-minimal (contain none of the other 146 as a minor).
Among these 11, one is Ba1 , the second graph shown in Figure 2.4, and each of the other




1 , or D3 as a minor. The 3-separation of B
a
1 shown has 329 twists, 21




1 , or D3 as a minor.
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Lemma 2.4.2. Any internally 4-connected graph with C7 as a minor has a minor among:
D3, D12, D17, and F1.
Figure 2.5: A 3-division of C7
Proof.There are 206 twists of the 3-division of C7 shown in Figure 2.5, 14 of which are
minor-minimal. Each of those 14 graphs has D3, D12, D17, or F1 as a minor.
Lemma 2.4.3. Any internally 4-connected graph with D3 as a minor has a minor among:
D′3, D
′′
3 , E20, and F1.







Proof. D3 has a natural 3-division in which M consists of the center horizontal edge. If we
start with this 3-division, we will have to perform the twist operation at least five times.
However, the following alternative allows us to complete the proof by performing the twist
operation only four times. There are 116 twists of the 3-separation of D3 shown in Figure
2.6, 10 of which are minor-minimal. Among these 10, two are Da3 and D
b
3, and each of the
other has D′3, D
′′
3 , E20, or F1 as a minor. There are 409 twists of the 3-separation of D
a
3
shown in the figure, 25 of which are minor-minimal. Among these 25, one is Daa3 and each
of the other has D′3, D
′′
3 , or F1 as a minor. There are 480 twists of the 3-separation of D
aa
3
shown in the figure, 79 of which are minor-minimal. Each of these 79 has D′3, D
′′
3 , or F1 as
a minor. There are 269 twists of the 3-separation of Db3 shown in the figure, 13 of which are
minor-minimal. Each of these 13 has D′3, D
′′
3 , or F1 as a minor.
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Lemma 2.4.4. Any internally 4-connected graph with D9 as a minor has a minor among:
E11, E22, and E27.
Proof. D9 has two equivalent 3-separations. There are 232 graphs that are twists of either
of those separations, 16 of which are minor-minimal. Each of those 16 graphs has E11, E22,
or E27 as a minor.
Lemma 2.4.5. Any internally 4-connected graph with D12 as a minor has a minor among:
D17, E20, E22, and F
′
1.
Proof. D12 has only one 3-separation. There are 226 graphs that are twists of that separation,











3 , E5, E18, and F1.








3 , and E
bb
3
Proof. There are 43 twists of the 3-separation of E3 shown in Figure 2.7, 4 of which are
minor-minimal. Two of these 4 are Ea3 and E
b
3, and the other two have E5 or F1 as a minor.
There are 45 twists of the 3-separation of Ea3 shown, 4 of which are minor-minimal. One
of these 4 is Eaa3 and the other three have E
b
3, E5, or F1 as a minor. There are 90 twists
of the 3-separation of Eaa3 shown, 8 of which are minor-minimal. Each of these 8 has D
′
3,
E ′3, E18, or F1 as a minor. There are 57 twists of the 3-division of E
b
3 shown, 4 of which
are minor-minimal. Two of these 4 are Eba3 and E
bb
3 , and the other two have E5 or F1 as a
minor. There are 303 twists of the 3-separation of Eba3 shown, 17 of which are minor-minimal.




3 , E5, E18, or F1 as a minor. There are 251 twists of the
24
3-separation of Ebb3 shown, 12 of which are minor-minimal. Each of these 12 has D
′′
3 , E5,
E18, or F1 as a minor.







5 , E18, and F1.
Figure 2.8: A 3-division of E5, E
a
5 , and E
b
5
Proof. There are 143 twists of the 3-division of E5 shown in Figure 2.8, 10 of which are
minor-minimal. Among these 10, two are Ea5 and E
b





F1 as a minor. There are 198 twists of the 3-separation of E
a
5 shown in the figure, 14 of
which are minor-minimal. Each of these 14 has D3, E
′
5, E18, or F1 as a minor. Note that
Eb5 is isomorphic to E
ba
3 shown in Figure 2.7. We saw in Lemma 2.4.6 that the twists of the




5, E18, or F1 as a minor.




Proof. E11 has only one 3-separation. There are 265 twists of that separation, 16 or which
are minor-minimal. Each of those 16 has E20, E22, F
′
1, or F4 as a minor.
Lemma 2.4.9. Any internally 4-connected graph with E19 as a minor has a minor among:
E20, E27, and F1.
Figure 2.9: A 3-division of E19
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Proof. There are 55 twists of the 3-division of E19 shown in Figure 2.9, 7 of which are
minor-minimal. Each of those 7 graphs has E20, E27, or F1 as a minor.




Proof. E27 has only one 3-separation. There are 216 twists of that separation, 15 of which
are minor-minimal. Each of those 15 has E20, E22, F
′
1, or F4 as a minor.





1 , F4, and G1.






1 , and F
d
1
Proof. There are 127 twists of the 3-division of F1 shown in Figure 2.10, 8 of which are




1 , and F
d





or F4 as a minor. There are 163 twists of the 3-division of F
a
1 shown, 8 of which are minor-
minimal. Each of those 8 has F ′1 or F4 as a minor. There are 175 twists of the 3-separation
of F b1 shown, 9 of which are minor-minimal. Each of those 9 has F
′
1 or F4 as a minor. There
are 110 twists of the 3-division of F c1 shown, 8 of which are minor-minimal. Each of those 8
has F ′1, F
′′
1 , or F4 as a minor. There are 98 twists of the 3-division of F
d
1 shown, 11 of which
are minor-minimal. Each of those 11 has E27, F4, or G1 as a minor.




Proof. There are 7 twists of the 3-division of G1 shown in Figure 2.2, 2 of which are minor-




2.5 Proof of the Main Results
We are now ready to prove Theorem 2.1.4 and Corollary 2.1.5.
Proof of Theorem 2.1.4. Each graph in A′4 is non-projective since it contains a graph in A3
as a minor. Now, let G be an internally 4-connected non-projective graph. By Theorem
2.3.2, G contains a graph in A3 as a minor. We order the twelve members of A3 − A′4 as
follows: B1, C7, E3, E5, D3, D9, D12, E11, E19, F1, E27, G1. Let us denote this sequence by
Z1, Z2, ..., Z12. Then the twelve lemmas of the last section can be expressed uniformly as:
for i = 1, 2, ..., 12, any internally 4-connected graph with Zi as a minor contains either some
Zj (j > i) or some graph in A′4 as a minor. Consequently, G must contain a member of A′4
as a minor, which proves the theorem. 
Proof of Corollary 2.1.5. Let G be an internally 4-connected graph. If G contains one of








1 as a Y∆-minor, then G is non-projective since each
of those eight graphs are non-projective and the class of projective graphs is closed under
Y∆-minors. Conversely, if G is non-projective then by Theorem 2.1.4, G contains a graph
in A′4 as a minor. In Appendix B if a graph has a cubic vertex represented by a square, it
is easy to see that performing a Y∆-transformation at that vertex results in another graph






Y ∆−−→ B7, G′1
Y ∆−−→ E20
Y ∆−−→ D17, F4
Y ∆−−→ E20, E ′′5
Y ∆−−→ E ′5
Y ∆−−→ D′3, D′′3
Y ∆−−→ D′3, E ′′3
Y ∆−−→
E ′3
Y ∆−−→ B′1, B′′1
Y ∆−−→ B′1, and F ′′1
Y ∆−−→ F ′1. Therefore, G has one of A2, D17, E18, E22, B′1, B′′′1 ,
D′3, or F
′
1 as a Y∆-minor. 
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Chapter 3
3-Connected Excludable Sets for
Projective Graphs
The goal of this chapter is to further refine Theorem 2.1.3 to obtain a result for projective
graphs similar to Hall’s Theorem for planar graphs (Theorem 1.5.2). We fully classify the
minimal 3-connected excludable sets and their corresponding exception sets for the class
projective graphs.
3.1 Introduction
The main result of this chapter is:
Theorem 3.1.1. There are precisely two minimal 3-connected excludable sets for the class
of projective graphs: E1 = A3−{A2, C4, C7, D17} and E2 = A3−{B7, C7, D17}. The exception
set for E1 consists of exactly 20 graphs: A2, C4, C7, C+7 (pictured in Figure 3.2), and the
sixteen subgraphs of the five graphs in Figure 3.3 that have D17 as a subgraph. The exception
set for E2 consists of exactly 19 graphs: B7, B+7 (pictured in Figure 3.1), C7, C+7 , and the
fifteen subgraphs of the first four graphs in Figure 3.3 that have D17 as a subgraph.
Thus, in effect, there are only two “unimprovable” Hall-type theorems for 3-connected
projective graphs. Since the exception sets are explicitly known, and they have at most
8 vertices and 20 edges, the following is an easy and useful consequence of the previous
Theorem:
Corollary 3.1.2. The following are equivalent for any 3-connected graph G with at least 9
vertices or at least 21 edges:
(i) G is projective;
(ii) G is E1-free;
(iii) G is E2-free.
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In Section 3.2, we prove a strong splitter theorem for 3-connected graphs. In Section
3.3, we use the splitter theorem to prove several Lemmas that require careful analysis of
A2, B7, C4, C7, and D17. In Section 3.4, we demonstrate that most graphs in A ∈ A3 are
in every minimal 3-connected excludable set by providing an infinite family of 3-connected
non-projective graphs that are (A3−A)-free. Finally, in Section 3.5, we use these results to
provide a short proof of Theorem 3.1.1.
3.2 A Strong 3-connected Splitter Theorem
We begin with a few definitions. We call a graph G an edge split of a graph H if G =
H + (u, v1v2), where u, v1, and v2 are distinct vertices of H, v1v2 ∈ E(H), and for i = 1, 2, if
uvi ∈ E(H) then vi is cubic in H. We call G a triad addition of H if G = H+(u, v, w), where
u,v, and w are distinct non-adjacent vertices of H. It is easy to see that both edge splits
and triad additions preserve the 3-connectivity of a graph. The following is a modification of
Seymour’s Splitter Theorem (Theorem 1.5.1) that will make the analysis in Section 3.3 much
simpler than using Theorem 1.5.1 alone. It should be noted that this result is analogous to
Kingan and Lemos’s Strong Splitter Theorem for matroids [6].
Theorem 3.2.1. Suppose a 3-connected graph G has a 3-connected minor H with |G| > |H|.
Then G contains a vertex split, edge split, or triad addition of H as a minor.
Proof. Suppose no vertex split of H is a minor of G. Then G has a subdivision H ′ of H
as a subgraph by Proposition 1.3.2. Suppose first in H ′ an edge e = v1v2 of H is replaced
by a path Pe on at least three vertices. Since G is 3-connected, there is a path P in G
between V (Pe) − {v1, v2} and some x ∈ V (H ′) − V (Pe) that is disjoint from v1 and v2, by
Menger’s Theorem (Theorem 1.2.1). Then H ′ ∪P can be contracted to H + (u, v1v2), where
x is contracted to u. Now if uvi ∈ E(H) for some i ∈ {1, 2}, and vi is not cubic in H, then
H + (u, v1v2) − uvi is a vertex split of H, so we may assume if uvi ∈ E(H) that vi is cubic
in H. Therefore H + (u, v1v2) is an edge split of H.
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So we may assume H ′ = H. Since |G| > |H|, G has a vertex x not in H. Since G is
3-connected, there are three paths P1, P2, P3 from x to V (H) that are vertex-disjoint except
for at x. Then H ∪P1∪P2∪P3 can be contracted H+ (v1, v2, v3) for some v1, v2, v3 ∈ V (H).
Now if vivj ∈ E(H) for i, j ∈ {1, 2, 3} with i 6= j, then H + (v1, v2, v3)− vivj is isomorphic to
H + (vk, vivj), where k ∈ {1, 2, 3} different from i and j, and by the previous argument, this
is either an edge split or vertex split of H. Thus v1, v2, and v3 are mutually non-adjacent
and H + (v1, v2, v3) is a triad addition of H.
The following corollary will also be useful in simplifying the case analysis:
Corollary 3.2.2. Suppose a 3-connected graph G has a 3-connected minor H with |G| > |H|.
Let F ⊆ E(H) be a set of edges so that if e ∈ F , then G does not have H + e as a minor.
Then G contains one of the following as a minor:
(i) a vertex split of H;
(ii) an edge split, H + (u, v1v2), where uvi 6∈ F for i = 1, 2;
(iii) a triad addition, H + (v1, v2, v3), where vivj 6∈ F for any distinct i, j ∈ {1, 2, 3}.
Proof. By the previous theorem, G has a vertex split, edge split, or triad addition of H as
a minor. If G has an edge split H + (u, v1v2) as a minor where uvi ∈ F for some i ∈ {1, 2},
then (H + (u, v1v2))/wvi is isomorphic to H + uvi, where w is the vertex of H + (u, v1v2)
not in H, which is not possible since G does not have H + uvi as a minor. If G has a triad
addition H + (v1, v2, v3) as a minor where vivj ∈ F for some distinct i, j ∈ {1, 2, 3}, then
(H + (v1, v2, v3))\wvk/wvi is isomorphic to H + vivj, where w is the vertex of H + (v1, v2, v3)
not in H and k ∈ {1, 2, 3} different from i and j, which is not possible since G does not have
H + vivj as a minor.
3.3 Case Analysis
This section consists of five Lemmas which make use of either Theorem 1.5.1, Theorem 3.2.1,
or Corollary 3.2.2 to classify the finitely many graphs with A2, B7, C4, C7, or D17 as a minor
that do not have minors among the rest of A3. This will allow us to determine the minimal
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excludable sets and the corresponding exception sets. Note that a computer program was
used to generate the operations given here and to check for minors. An interested reader
can find edge lists for each graph in this section in Appendix E and tables detailing which
edges to delete and contract to produce the desired minors in Appendix F.
Lemma 3.3.1. The only 3-connected (A3 − {A2})-free graph with A2 as a minor is A2.
Proof. By Theorem 1.5.1 we only need to verify that every edge addition and vertex split
of A2 contains a member of A3 − {A2} as a minor. There is one edge addition and seven
vertex splits of A2, each of which has B1, B7, C7, D3, E3, or E18 as a minor.
Lemma 3.3.2. The only 3-connected (A3−{B7})-free graphs with B7 as a minor are among
B7 and B
+
7 (the graph shown in Figure 3.1).
Figure 3.1: An edge addition B+7 of B7
Proof. Let G be a 3-connected (A3 − {B7})-free graph with B7 as a minor. Up to isomor-
phism, B7 has four edge additions. One of these four is B
+
7 (which can be obtained only by
adding the edge {3, 5}, as shown by its degree sequence), and the others have A2 or B1 as a
minor. So clearly, if |G| ≤ |B7|, then G is isomorphic to B7 or B+7 . Now assume |G| > |B7|,
and note that adding any edge other than {3, 5} to B7 gives a minor among A2 or B1, so by
Corollary 3.2.2 with F = E(B7) − {{3, 5}}, G must have a minor among the vertex splits,
certain edge splits, and certain triad additions of B7. There are fifteen vertex splits of B7
up to isomorphism, each of which has C3, C4, C7, D3, E18, E22, or F1 as a minor. No edge
splits or triad additions of B7 as required by Corollary 3.2.2 exist, since {3, 5} is the only
edge not in E(B7) ∪ F , and vertex 3 is the only cubic vertex in B7. Thus the only possible
A3 − {B7}-free graphs with B7 as a minor are B7 and B+7 .
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Lemma 3.3.3. The only 3-connected (A3 − {A2, C4})-free graph with C4 as a minor is C4.
Proof. There are eight vertex splits of C4 up to isomorphism, each of which has C3, C7, D3 or
F1 as a minor. There are five edge additions of C4 up to isomorphism, each of which has B1,
B7, or E22 as a minor. So by Theorem 1.5.1, C4 is the only 3-connected (A3−{A2, C4})-free
graph with C4 as a minor.
Lemma 3.3.4. The only 3-connected (A3−{A2, B7, C4, C7})-free graphs with C7 as a minor
are among C7 and C
+
7 (the graph shown in Figure 3.2).
Figure 3.2: An edge addition C+7 of C7
Proof. Let G be a 3-connected (A3−{A2, B7, C4, C7})-free graph with C7 as a minor. There
are four edge additions of C7 up to isomorphism, one of which is C
+
7 (which can be obtained
only by adding one of: {1, 6}, {2, 6}, {3, 7}, and {3, 8}), and the others have B1, D3 or D17
as a minor. There are two possible ways to add two edges from among {1, 6}, {2, 6}, {3, 7},
and {3, 8} to C7 up to isomorphism. They have either D3 or D17 as a minor. So clearly, if
|G| ≤ |C7|, then G is isomorphic to C7 or C+7 . Now assume |G| > |C7|, and note that adding
any edge other than {1, 6}, {2, 6}, {3, 7}, or {3, 8} to C7 gives a minor among B1, D3 or
D17, so by Corollary 3.2.2 with F = E(C7) − {{1, 6}, {2, 6}, {3, 7}, {3, 8}}, G must have a
minor among the vertex splits, certain edge splits, and certain triad additions of C7. There
are ten vertex splits of C7 up to isomorphism, each of which has D3, D12, D17, E19, or F1 as
a minor. There are no cubic vertices in C7, so the only possible edge splits of C7 as required
by Corollary 3.2.2 are C7 + (3, {7, 8}) and C7 + (6, {1, 2}). These are isomorphic and have
F1 as a minor. Finally, no triad additions of C7 as required by Corollary 3.2.2 exist, since
the only edges not in E(C7)∪F are {1, 7}, {1, 8}, {2, 7}, and {2, 8}, and there is no triangle
among them. Thus the only possible (A3−{A2, B7, C4, C7})-free graphs with C7 as a minor




Lemma 3.3.5. The only 3-connected (A3 − {B7, C7, D17})-free graphs containing D17 as a
minor are among the fifteen subgraphs of the first four graphs in Figure 3.3 that have D17 as
a subgraph. The only 3-connected (A3 − {A2, C4, C7, D17})-free graphs with D17 as a minor
are among those fifteen graphs together with the fifth graph in Figure 3.3.
Figure 3.3: Five edge additions of D17
Proof. Let G be a 3-connected (A3 − {A2, B7, C4, C7, D17})-free graph with D17 as a minor.
Now assume |G| > |D17|, then by Theorem 3.2.1, G must have a minor among the vertex
splits, edge splits, and triad additions of D17. There is one vertex split of D17 up to isomor-
phism and it has E20 as a minor. Furthermore, D17 has no cubic vertices, so any edge split
of D17 must be of the form D17 + (u, v1v2), where uv1, uv2 6∈ E(D17). There is only one such
edge split up to isomorphism and it has D12 as a minor. Finally, no triad additions of D17
exist, since this would require there to be a triangle among the edges of D17, and largest set
of mutually non-adjacent vertices in D17 has size two. So we may assume |G| ≤ |D17|.
Now all eighteen graphs consisting of D17 with five extra edges have either B1 or D3 as a
minor. All twelve graphs consisting of D17 with four extra edges that are not one of the first
four graphs in Figure 3.3 have minors among B1, D3, and E18. There are only four graphs
consisting of D17 together with three extra edges that are not subgraphs of one of the first
four graphs in Figure 3.3. One of these is the fifth graph in Figure 3.3, and the other three
have minors among B1, D3, and E18. All graphs consisting of D17 together with one or two
extra edges are subgraphs of one of the first four graphs in Figure 3.3. So the only possible
3-connected (A3 − {A2, B7, C4, C7, D17})-free graphs with D17 as a minor are subgraphs of
the first four graphs of Figure 3.3 with D17 as a subgraph or the fifth graph in that Figure.
The fifth graph in that Figure has A2 as a minor, so the Lemma follows immediately.
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3.4 Infinite Families
Given a 3-separation (G1, G2) of a graph G, we define G
∆
i (i = 1, 2) to be the graph obtained
from Gi by adding all missing edges among vertices of V (G1) ∩ V (G2), and we define GYi
(i = 1, 2) to be the graph obtained from Gi by adding an extra vertex with an edge to each
vertex of V (G1) ∩ V (G2). If G has a cubic vertex v, then there is a unique 3-separation
(G1, G2) with G1 = G−v. In this case we will use the notation (G−v)∆ without referencing
the 3-separation. Note that (G− v)∆ is the simplification of a Y∆-transformation.
Lemma 3.4.1. Let H be a 3-connected minor of a 3-connected graph G with 3-separation
(G1, G2). Let U = V (G1)∩V (G2). Then either H is a minor of G∆1 , H is a minor of G∆2 , or
H has a 3-separation (H1, H2) with V (H1)∩ V (H2) = U and Hi is a minor of Gi (i = 1, 2).
Proof. Since G is connected, we may assume H is obtained by only contracting and deleting
edges. Thus there are disjoint trees Tv ⊆ G for each v ∈ V (H) so that H is obtained by
contracting all edges in each Tv and then deleting edges. If there exists i ∈ {1, 2} such that
no Tv is a subset of V (Gi)−U then every Tv that meets V (Gi) also meets U , which implies
that H is a minor of G∆j for j 6= i. So for i = 1, 2, there exists Tvi ⊆ V (Gi)−U . Since H is 3-
connected, it has three internally disjoint v1v2-paths by Menger’s Theorem (Theorem 1.2.1),
which means the three vertices in U must be contained in three distinct Tv’s. For i = 1, 2, let
Hi be obtained from Gi by deleting and contracting edges that were deleted and contracted
when producing H. Then (H1, H2) is a 3-separation of H with V (H1) ∩ V (H2) = U , as
required.
Lemma 3.4.2. Let G be a 3-connected graph with a 3-separation (G1, G2) where G
Y
2 is
planar. Then G is projective if and only if GY1 is projective.
Proof. Let U = V (G1) ∩ V (G2) = {u1, u2, u3} and let vi (i = 1, 2) be the unique vertex in
V (GYi ) − V (Gi). If G is projective, then since G is 3-connected, GY1 is a minor of G and
thus GY1 is projective. Conversely, if G
Y
1 is projective, it has an embedding in the projective
plane with edges u1v1, u2v1, u3v1 embedded in a disc D1 such that D1 is disjoint from the
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rest of the embedding. Also since GY2 is planar, G
Y
2 has an embedding in the sphere with
edges u1v2, u2v2, u3v2 embedded in a disc D2 such that D2 is disjoint from the rest of the
embedding. Let disc D′2 be the complement of D2 in the sphere. Then replacing D1 with
D′2 and identifying the corresponding vertices in U results in an embedding of G in the
projective plane.
Lemma 3.4.3. Let G be a 3-connected graph with a cubic vertex v. If both G and (G− v)∆
are C-free, where C ⊆ A3, then there are infinitely many C-free graphs with both G and
(G− v)∆ as a minor.
Proof. Let H1 = G − v and let U ⊆ V (H1) be the set of three neighbors of v. Let F
be the set of 3-connected graphs F = H1 ∪ H such that (H1, H) is a 3-separation of F ,
V (H1) ∩ V (H) = U , and HY is planar. Clearly, every graph in F contains G = HY1 as a
minor, and any graph different from G contains (G − v)∆ = H∆1 as a minor. Now we need
only prove that all graphs in F are C-free.
Suppose some H1 ∪ H ∈ F contains some A ∈ C as a minor. Then by Lemma 3.4.1
either A is a minor of H∆1 , A is a minor of H
∆, or A has a 3-separation (A1, A2) with
V (A1) ∩ V (A2) = U , where A1 is a minor of H1 and A2 is a minor of H. It is not possible
for A to be a minor of H∆1 since A ∈ C and H∆1 is C-free. If A is a minor of H∆, we deduce
from the planarity of HY that H∆ is also planar, and thus so is A, which is not possible
since A is non-projective. Therefore, A has a 3-separation (A1, A2) with A
Y
2 planar. Since
A is non-projective, by Lemma 3.4.2, AY1 is non-projective. But A
Y
1 is a minor of A and all
proper minors of A are projective planar since A ∈ A3, so A = AY1 . It follows that A is a
minor of HY1 = G, which is not possible since A ∈ C and G is C-free. This contradiction
completes the proof.
Lemma 3.4.4. Every A ∈ A3 − {A2, B7, C4, C7, D17} is in every minimal 3-connected ex-
cludable set for projective graphs. Furthermore, either A2 or B7 and either B7 or C4 are in
every minimal 3-connected excludable set for projective graphs.
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Proof. Clearly, each graph A ∈ A3 is (A3 − {A})-free since A3 is the set of minor-minimal
3-connected non-projective graphs. For any A ∈ A3−{A2, B1, B7, C4, C7, D17}, we show that
there is a cubic vertex v ∈ V (A) so that (A− v)∆ is projective and thus is (A3 − {A})-free.
For A ∈ {D3, D9, D12, E3, E5, E11, E19, E27, F1, G1}, we have that A has a 3-separation
(A1, A2) with corresponding 3-cut {v1, v2, v3} so that A1 consists of two cubic vertices v4 and
v5 each adjacent to v1, v2, and v3. But then (A − v4)∆ has a 3-separation (A′1, A2), where
A′1 consists of cubic vertex v5 adjacent to v1, v2, and v3 together with edges v1v2, v1v3, and
v2v3. So A
′Y
1 is planar since it has 5 vertices and is not K5, and A
Y
2 is projective since it
is a proper minor of A, so by Lemma 3.4.2, (A − v4)∆ is projective. For A ∈ {C3, D2, E2,
E18, E20, E22, F4}, let v ∈ V (A) be the square vertex in Appendix A. Then a projective






















































(E20 − v)∆ (E22 − v)∆ (F4 − v)∆
Figure 3.4: Projective Embeddings for C3, D2, E2, E18, E20, E22, and F4
So by Lemma 3.4.3, for each graph A ∈ A3−{A2, B1, B7, C4, C7, D17}, there are infinitely
many A3 − {A}-free graphs with A as a minor, and thus each such A is in every minimal
3-connected excludable set for projective graphs.
To see that B1 is in every minimal 3-connected excludable set, consider the vertex split




1 − 8)∆ are (A3 − {B1})-free.
(B+1 − 8)∆ has seven vertices and the only graph in (A3−{B1}) with seven or fewer vertices
is A2, which has seven vertices yet larger minimum degree. It follows that (B
+










Figure 3.5: A vertex split B+1 of B1
not contain A2 and so (B
+
1 − 8)∆ is (A3 − {B1})-free. Similarly, notice that B+1 has eight
vertices and eighteen edges, and the only graphs in (A3−{B1}) with eight or fewer vertices
are A2(7, 18), B7(8, 18), C7(8, 17), D3(8, 16), D17(8, 16), E3(8, 15), E18(8, 15), where the two
numbers indicate the number of vertices and edges of the graph. Clearly B+1 does not contain
A2 as a minor since they have the same number of edges yet different number of vertices. The
remaining graphs have the same number of vertices as B+1 and would have to be spanning
subgraphs. By checking their degree sequences it is easy to see B+1 is not isomorphic to B7,
and thus does not contain B7 as a minor since they have the same number of edges. Neither
C7 nor D17 can be a spanning subgraph of B
+
1 since they have no cubic vertices, but B
+
1
does. D3 has three vertices of degree five, and two other adjacent vertices that are adjacent
to each of the vertices of degree five, but B+1 has only three vertices of degree at least five,
and no two of the remaining vertices are adjacent to each other and also adjacent to these
three vertices, so D3 cannot be a spanning subgraph of B
+
1 . There are four edge-disjoint
triangles in B+1 : 125, 234, 357, and 467, which implies that any bipartite subgraph of B
+
1
can have at most 18 − 4 = 14 edges, since any bipartite graph has no triangle subgraph.
Since E3 and E18 are both bipartite with 15 edges, neither is a subgraph of B
+
1 . Thus B
+
1
is (A3 − {B1})-free, and by Lemma 3.4.3, there are infinitely many A3 − {B1}-free graphs
with B+1 as a minor, and thus B1 as a minor. Therefore B1 is in every minimal 3-connected
excludable set for projective graphs.
Since (B7 − v)∆ is isomorphic to A2, where v is the square vertex of B7 in Appendix
A, and both A2 = (B7 − v)∆ and B7 are (A3 − {A2, B7})-free, there are infinitely many
(A3−{A2, B7})-free graphs containing both A2 and B7 as a minor, and either A2 or B7 is in
every minimal 3-connected excludable set for projective graphs. Similarly, since (C4 − v)∆
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is isomorphic to B7, either B7 or C4 is in every minimal 3-connected excludable set for
projective graphs.
3.5 Proof of the Main Result
Now we are ready to prove Theorem 3.1.1.
Proof of Theorem 3.1.1. By Theorem 2.1.3, the graphsA3 are the minor-minimal 3-connected
projective graphs, so any minimal 3-connected excludable set for the class of projective graphs
is a subset of A3.
By Lemma 3.3.5, the only possible (A3 − {A2, C4, C7, D17})-free graphs with D17 as
a minor are subgraphs of the five graphs in Figure 3.3, so the only remaining (A3 −
{A2, C4, C7, D17})-free graphs are also D17-free, and are thus (A3 − {A2, C4, C7})-free. By
Lemma 3.3.4, the only possible (A3 − {A2, C4, C7})-free graphs with C7 as a minor are C7
and C+7 , so the only remaining (A3−{A2, C4, C7})-free graphs are (A3−{A2, C4})-free. By
Lemma 3.3.3, the only (A3 − {A2, C4})-free graph with C4 as a minor is C4, and we only
need to consider (A3 − {A2})-free graphs. But by Lemma 3.3.1, the only (A3 − {A2})-free
graph with A2 as a minor is A2. So A3 − {A2, C4, C7, D17} is a 3-connected excludable set
whose corresponding exception set is a subset of {A2, C4, C7, C+7 } together with the sixteen
subgraphs of the five graphs in Figure 3.3 with D17 as a subgraph.
Similarly, Lemmas 3.3.5, 3.3.4, and 3.3.2 show us that A3−{B7, C7, D17} is a 3-connected
excludable set whose corresponding exception set is a subset of {B7, B+7 , C7, C+7 } together
with the fifteen subgraphs of the first four graphs in Figure 3.3 with D17 as a subgraph.
To show that the exception sets are exactly the graphs given, and not subsets of those
sets, one needs to show that B+7 is (A3 − {B7})-free, C+7 is (A3 − {C7})-free, the first
four graphs in Figure 3.3 are (A3 − {C7, D17})-free, and the fifth graph in Figure 3.3 is
(A3 − {A2, C7, D17})-free. The simplest way to verify these facts is using a computer to
check for minors. It is also possible to prove these facts by hand similar to the proof in
Lemma 3.4.4 that B+1 is (A3−{B1})-free, but the proofs are fairly long and tedious and are
omitted.
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Now by Lemma 3.4.4, all minimal 3-connected excludable sets contain every graph in
A3 − {A2, B7, C4, C7, D17}, and either A2 or B7 and either B7 or C4 are in every minimal
3-connected excludable set. Thus both A3 − {A2, C4, C7, D17} and A3 − {B7, C7, D17} are





The goal of this chapter is to prove an strong splitter-type result similar to Theorem 3.2.1,
but for internally 4-connected graphs. This result will allow us to classify the internally
4-connected excludable sets for the projective plane in the next chapter.
4.1 Introduction
There is currently no known analogue of Seymour’s 3-connected Splitter Theorem (Theorem
1.5.1) for internally 4-connected graphs. Chun, Mayhew, and Oxley are currently working
towards a splitter theorem for internally 4-connected binary matroids, which would imply
a splitter theorem for internally 4-connected graphs, but their work is not yet complete [2].
Johnson and Thomas did prove an internally 4-connected splitter-type result [5], however,
their result includes the vertex split operation, which does not always result in an internally
4-connected graph. It turns out that this type of result that allows for the vertex split
operation is enough for our application to projective graphs. We prove a strong version of
Johnson and Thomas’s result.
We start with a few definitions in order to state Johnson and Thomas’s result. Let H
be a graph. If v1v2v3v4v1 is a cycle of cubic vertices in H, then H + (v1, v2, v3, v4) is a
quadrangular extension of H. If v1v2v3v4v5v1 is a cycle in H so that v2 and v5 are cubic,
then H + (v1, v3v4) is a pentagonal extension of H. If v1v2v3v4v5v6v1 is a cycle in H so that
v2, v4, and v6 are cubic and {v1, v3, v5} is not the set of neighbors of a cubic vertex in H,
then H + (v1, v3, v5) is a hexagonal extension of H. If H0, H1, H2, . . . , Ht is a sequence of
graphs so that H = H0, Ht is internally 4-connected, Hi = Hi−1 + ei for some ei ∈ E(Hi−1)
for i = 1, 2, . . . , t, and the ends of e are both neighbors of the same cubic vertex in Hi but
are not both the neighbors of any cubic vertex in Hi+1 for i = 1, 2, . . . , t− 1, then Ht is an
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addition extension of H.
Let Ln, the circular ladder on n = 2k vertices be the union of two cycles u1u2 . . . uku1 and
v1v2 . . . vk v1 together with an edge from ui to vi for each i = 1, 2, . . . , k. A quartic ladder QLn
is the circular ladder Ln defined previously together with edges uivi+1 for i = 1, 2, . . . , k − 1
and ukv1. Let Mn, the Möbius ladder on n = 2k vertices, be the cycle u1u2 . . . ukv1v2 . . . vku1
together with an edge from ui to vi for each i = 1, 2, . . . , n. Let QMn, the quartic Möbius
ladder on n = 2k+ 1 vertices be the cycle u1u2 . . . ukwv1v2 . . . vku1 together with edges wu1,
wvk, u1v1, and an edge from ui to vi−1 and vi for each i = 2, 3, . . . , k.
Let DWn, the double wheel on n vertices be the cycle u1u2 . . . un−2u1 together with two
vertices v1 and v2 adjacent to each ui. Let DW
+
n , the Möbius double wheel on n vertices
be DWn together with an edge from v1 to v2. Let ADWn, the alternating double wheel on
n = 2k vertices, be a cycle u1u2 . . . u2k−2u1 together with two vertices v1 and v2 such that
v1 is adjacent to ui for i even, and v2 is adjacent to ui for i odd. Let ADW
+
n , the Möbius
alternating double wheel on n vertices be ADWn together with an edge from v1 to v2. Figure
4.1 shows all ladders and wheels.
Circular Ladder Quartic Ladder Möbius Ladder Quartic Möbius Ladder
Double Wheel Möbius Alternating Möbius Alternating
Double Wheel Double Wheel Double Wheel
Figure 4.1: Ladders and Wheels
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Johnson and Thomas’s internally 4-connected splitter-type theorem is as follows:
Theorem 4.1.1. Let H and G be internally 4-connected graphs, where H is isomorphic to a
proper minor of G. Assume if H = Ln, then G does not have QLn as a minor, if H = Mn,
then G does not have QMn+1 as a minor, if H = ADWn, then G does not have DWn as
a minor, and if H = ADW+n , then G does not have DW
+
n as a minor. Further assume
that H is not K3,3 or L8 and G is not Ln or ADWn. Then G has an addition extension,
quadrangular extension, pentagonal extension, hexagonal extension, or vertex split of H as
a minor.
We would like to refine this theorem adding the condition |G| > |H| to make classifying
internally 4-connected excludable sets easier. Because we would like all of our operations to
add at least one vertex, we do not use the addition extension operation. This means that
our result will not be a consequence of Theorem 4.1.1. In fact, the proof of our result must
be mostly independent of that Theorem, since in the proof whenever an addition extension
is found the proof terminates, whereas for our result, we need to do more analysis.
We need a few more definitions to state the main result. Let v1, v2, v3, v4 ∈ V (G). If v1 is
different from v2 and v3 and neither v2 nor v3 is adjacent to v1 in G, then G+ (v1, v2v3) is an
edge split of G. If v1, v2, and v3 are mutually non-adjacent and are not the set of neighbors
of some cubic vertex in G, then G+ (v1, v2, v3) is a triad addition of G. Note that the edge
split and triad addition defined in this chapter are more restricted than the edge split and
triad addition defined in Chapter 3. The remainder of this dissertation will use this more
restricted definition. If each subset of {v1, v2, v3, v4} of size 3 is the neighborhood of some
cubic vertex in G, then G + (v1, v2, v3, v4) is a cube extension. A common extension of G
is a vertex split, edge split, triad addition, cube extension or quadrangular extension of G.
Figure 4.2 shows the common extensions.
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Edge Split Triad Addition Cube Extension Quadrangular Extension
Figure 4.2: Common Extensions. A dashed edge is an edge added to G. An open vertex is
a vertex added to G. A triangular vertex is a cubic vertex in G.
G′ be a graph obtained fromG by subdividing u11u
1





j ∈ V (P1)∪V (P2)∪V (P3), letting wij be the vertex adjacent to uij different from uij−1
and uij+1 in G
′ for i ∈ {1, 2, 3} and j ∈ {2, 3, . . . , ni − 1}. Let E1 = {wu22, ww12, u1n1−1u
3
n3−1}
∪ {u1jw1j+1 | 2 ≤ j ≤ n1 − 2}, let E2 = {u2jw2j−1 | 3 ≤ j ≤ n2}, and let E3 = {u3jw3j+1 |
1 ≤ j ≤ n3 − 2}. Then G′ + E1 + E2 + E3 is a theta extension of G.
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vij ∈ V (P ) ∪ V (C1) ∪ V (C2), letting wij be the vertex adjacent to uij different from uij−1
and uij+1 in G
′ for i ∈ {1, 2, 3} and j ∈ {2, 3, . . . , ni − 1}. Let E1 = {wu2n2−1, wu
3
n3−1} if








j+1 | 2 ≤ j ≤ n1 − 2}. Let
Ei = {uijwij+1 | 1 ≤ j ≤ ni− 2} for i = 2, 3. Then G′ +E1 +E2 +E3 is a handcuff extension
of G. Figure 4.3 shows a theta extension and a handcuff extension.
The main result of this chapter is as follows.
Theorem 4.1.2. Let H be an internally 4-connected minor of an internally 4-connected
graph G, with |G| > |H|. Assume if H = Ln, then G does not have Ln+2 as a minor, if
H = Mn, then G does not have Mn+2 or QMn+1 as a minor, if H = ADWn, then G does not
have ADWn+2 or DWn+1 as a minor, and if H = ADW
+




Figure 4.3: Theta & Handcuff Extensions
DW+n+1 as a minor. Then G has a common, theta, or handcuff extension of H as a minor.
In order to prove Theorem 4.1.2, we first prove the slightly weaker Lemma stated below,
for which we introduce two new operations. If v1, v2, v3, v4 are cubic vertices inducing a
4-cycle in G, then call G+ (v1v2, v3v4) a ladder extension of G. If u and v are cubic vertices
in G with NG(u) = {v, u1, u2} and NG(v) = {u, v1, v2}, then call G + (u1, uv) + (v1, uw)
where w is the vertex of G+ (u1, uv) not in G a wheel extension of G.
Lemma 4.1.3. Let H be an internally 4-connected minor of an internally 4-connected graph
G, where |G| > |H|. Assume if H = Mn, then G does not have QMn+1 as a minor, if
H = ADWn, then G does not have DWn+1 as a minor, and if H = ADW
+
n , then G does not
have DW+n+1 as a minor. Then G has a common, theta, handcuff, ladder, or wheel extension
of H as a minor.
In Section 4.2, we prove several lemmas describing the minors G can have if it has no
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common, ladder, or wheel extension of H as a minor. In Section 4.3, we introduce the notion
of bridges and prove several lemmas restricting the types of bridges we can see. In Section
4.4, we introduce the notion of bridgeworks and prove several lemmas restricting the types of
bridgeworks we can see. In Section 4.5, we give a proof of Lemma 4.1.3. Finally, in Section
4.6, we analyze the ladder and wheel extensions, and give a proof of Theorem 4.1.2.
4.2 Minors
In this section we prove several lemmas describing what type of minors G can have, assuming
G has no common, ladder, or wheel extension of H as a minor.
Lemma 4.2.1. Let H be a internally 4-connected minor of a graph G. If G has no common
extension of H as a minor, then:
4.2.1.1 If H + (v1, v2v3) is a minor of G with v1 different than v2 and v3, then one of
v2 or v3 is cubic and adjacent to v1.
4.2.1.2 If H + (v1, v2, v3) is a minor of G, then v1, v2, and v3 are the set of neighbors
of a cubic vertex or they are a cubic vertex and two of its neighbors.
4.2.1.3 If H + (v1, v2, v3, v4) is a minor of G, then v1, v2, v3, and v4 are a cubic vertex
and its neighbors.
Furthermore, if G also has no ladder extension of H as a minor, then:
4.2.1.4 If H + (v1v2, v3v4) is a minor of G, then one of v1 or v2 is cubic and identical
to one of v3 or v4.
4.2.1.5 If H + (v1, v2, v3v4) is a minor of G, then either one of v1 or v2 is cubic and
identical to v3 or v4, or one of v3 or v4 is cubic and adjacent to v1 and v2.
Proof. 4.2.1.1 If Q = H + (v1, v2v3) is a minor of G with v1 different than v2 and v3, then
since G has no edge split minor, either v2 or v3 is adjacent to v1. Suppose without loss of
generality that v1v2 ∈ E(H). Now if v2 is not cubic, then Q− v1v2 is isomorphic to a vertex
split of H. So v2 is cubic and adjacent to v1, and 4.2.1.1 holds.
45
4.2.1.2 If Q = H + (v1, v2, v3) is a minor of G, then since G has no triad addition minor,
either v1, v2, and v3 are the set of neighbors of some cubic vertex, in which case 4.2.1.2
holds, or v1, v2, and v3 are not mutually non-adjacent. Assume without loss of generality
that v1v2 ∈ E(H). Then G has Q− v1v2 as a minor, which is isomorphic to H + (v3, v1v2),
and by 4.2.1.1, one of v1 or v2 must be cubic and adjacent to v3. But then v1, v2, and v3 are
a cubic vertex and two of its neighbors and 4.2.1.2 holds.
4.2.1.3 If Q = H + (v1, v2, v3, v4) is a minor of G, then H + (vi, vj, vk) is a minor of
G for i,j,k distinct members of {1, 2, 3, 4}. But then each subset of {v1, v2, v3, v4} of size
three is either a cubic vertex and its neighbors or three neighbors of some cubic vertex by
4.2.1.2. If each subset of size three is three neighbors of some cubic vertex, then Q is a cube
extension minor. So we may assume without loss of generality that v1 is cubic and adjacent
to v2 and v3. If v4 is also adjacent to v1, then 4.2.1.3 is satisfied. So v1v4 6∈ E(H). Now v1,
v2, and v4 cannot be neighbors of the same cubic vertex in H since v1v2 ∈ E(H) and H is
internally 4-connected, so one of v1, v2, and v4 is cubic and adjacent to the other two. But
since v1v4 6∈ E(H), v2 is cubic and adjacent to v1 and v4. Similarly, by considering v1, v3,
and v4, we can conclude v3 is cubic and adjacent to v4. Now note that v2, v3 and v4 cannot
be the neighbors of some cubic vertex, since v2v4 ∈ E(H). So one of v2, v3, or v4 is cubic
and adjacent to the other two. But v2v3 6∈ E(H), since v1 is cubic and adjacent to both v2
and v3, so v4 must be the cubic vertex adjacent to v2 and v3. Then v1, v2, v3, and v4 induce
a 4-cycle, and Q is a quadrangular extension minor.
4.2.1.4 If Q = H + (v1v2, v3v4) is a minor of G, then if v1, v2, v3, and v4 are distinct
vertices, then Q has H + (v3, v1v2) as a minor, and by 4.2.1.1, one of v1 or v2 is cubic and
adjacent to v3. Assume without loss of generality that v1 is cubic and adjacent to v3. Q
also has H + (v4, v1v2) as a minor, and one of v1 or v2 is cubic and adjacent to v4. But
since v3v4 ∈ E(H) and H is internally 4-connected, v2 must be cubic and adjacent to v4.
Similarly, by considering minors H + (v1, v3v4) and H + (v2, v3v4), we see that v1, v2, v3, and
v4 must be cubic vertices inducing a cycle in H, and Q is a ladder extension minor. So we
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may now assume without loss of generality that v1 = v3 and Q = H + (v1v2, v1v4). Then
H + (v2, v1v4) is a minor of Q, and by 4.2.1.1, one of v1 or v4 is cubic and adjacent to v2.
But since v1v2 ∈ E(H) and H is internally 4-connected, v4 cannot be cubic and adjacent to
v2, so v1 is cubic, which completes the proof of 4.2.1.4.
4.2.1.5 If Q = H + (v1, v2, v3v4) is a minor of G, then if v1, v2, v3, and v4 are distinct
vertices, Q has H + (v1, v3v4) as a minor, and by 4.2.1.1, we may assume without loss of
generality that v3 is cubic and adjacent to to v1 in H. Now Q also has H + (v1, v2, v3) as a
minor, and by 4.2.1.2, v1, v2, and v3 are either the neighbors of some cubic vertex or a cubic
vertex and two of its neighbors. But since H is internally 4-connected and v1v3 ∈ E(H), one
of v1 or v3 is cubic and adjacent to the other two. But if v3 is cubic and adjacent to v1 and
v2, 4.2.1.5 holds. So we may assume v1 is cubic and adjacent to v2 and v3. But then Q−v1v2
is isomorphic to H + (v1v2, v3v4), and by 4.2.1.4 (since v1, v2, v3, and v4 are distinct) this is
impossible. Next we may assume v1 = v3, so Q has H + (v2, v3v4) as a minor by contracting
wv4 and deleting wv3, where w is the vertex in Q that is not in H. Then by 4.2.1.1, one of
v3 or v4 is cubic and adjacent to v2. If v3 is cubic, then v1 = v3 is cubic and identical to v3.
If v4 is cubic, then v4 is cubic and adjacent to v1 = v3 and v2.
Lemma 4.2.2. Let H be an internally 4-connected minor of a graph G. Let u ∈ V (H) with
NH(u) = {u1, u2, u3} and let v ∈ V (H) different from u, u1, u2, and u3. If G has no common
or wheel extension of H as a minor, then G has none of the following minors, where i,j,k
are distinct members of {1, 2, 3}:
4.2.2.1 H + (ui, uuj) + ukw + uv, where w is the vertex of H + (ui, uuj) that is not in
H,
4.2.2.2 H + (ui, uuj) + (uj, uuk) + uv,
4.2.2.3 H + (ui, uuj) + (ui, uuk) + uv.
Proof. 4.2.2.1 Suppose G has Q = H + (ui, uuj) + ukw + uv as a minor. Note that Q is
isomorphic to H+ (u, ui, uk, v), so by Lemma 4.2.1.3, u, ui, uk, and v must be a cubic vertex
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and its neighbors. But uui, uuk ∈ E(H), so u must be a cubic vertex adjacent to ui, uk, and
v. But v and uj are distinct vertices, a contradiction.
4.2.2.2 Suppose G has Q = H + (ui, uuj) + (uj, uuk) + uv as a minor. Then Q− uui is
isomorphic to H + (v, uuk) + (uj, wuk), where w is the vertex of H + (v, uuk) not in H. And
since G has H + (v, uuk) as a minor, by Lemma 4.2.1.1, one of u or uk is cubic and adjacent
to v. But u is not adjacent to v, so uk is cubic and adjacent to v, and H+(v, uuk)+(uj, wuk)
is a wheel extension of H.
4.2.2.3 Suppose G has Q = H + (ui, uuj) + (ui, uuk) + uv as a minor. Then Q− uui is
isomorphic to H + (v, uuk) + (ui, wuk), where w is the vertex of H + (v, uuk) not in H. And
since G has H + (v, uuk) as a minor, by Lemma 4.2.1.1, one of u or uk is cubic and adjacent
to v. But u is not adjacent to v, so uk is cubic and adjacent to v, and H+(v, uuk)+(ui, wuk)
is a wheel extension of H.
Lemma 4.2.3. Let H be an internally 4-connected minor of a graph G. Let u, v ∈ V (H)
with NH(u) = {v, u1, u2} and NH(v) = {u, v1, v2}. Then if G has no common, ladder or
wheel extension of H as a minor, G does not have H + (u, vv1) + (u1, uv) as a minor.
Proof. Suppose G has Q = H+(u, vv1)+(u1, uv) as a minor. Note that Q−uu1 is isomorphic
to H + (uu2, vv1), so by Lemma 4.2.1.4, one of u or u2 is identical to v or v1. But since
uv, uu2, vv1 ∈ E(H), this is not possible since H is internally 4-connected.
4.3 Bridges
Let G and H be graphs. A mapping η with domain V (H) ∪ E(H) is a homeomorphic
embedding of H into G if the following hold:
(1) η(v) ∈ V (G) for any v ∈ V (H)
(2) η(v) and η(v′) are distinct for any v, v′ ∈ V (H)
(3) η(e) is a path in G with ends η(u) and η(v) and otherwise disjoint from η(V (H)) for
any e ∈ E(H) with ends u, v ∈ V (H)
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(4) η(e) and η(e′) are edge-disjoint and any shared vertex is an end of both for any e, e′ ∈
E(H).
We denote the fact that η is a homeomorphic embedding of H into G by writing η : H ↪→ G.
An η-hub is a vertex η(v) for some v ∈ V (H). Where it causes no confusion, an η-hub η(v)
is sometimes referred to simply as v. An η-segment is a path η(e) for some e ∈ E(H). The
η-segment with ends at η(u) and η(v) is the uv-segment. For any H ′ ⊆ H, we let η(H ′) be
the graph consisting of all vertices η(v) for each v ∈ V (H ′) and all vertices and edges in η(e)
for each e ∈ E(H ′).
If η : H ↪→ G, then an η-bridge is a connected subgraph B of G with E(B)∩E(η(H)) = ∅
and either:
(1) E(B) = {e}, where both ends of e are in V (η(H))
(2) E(B) consists of all edges with at least one end in a component of G\V (η(H)).
A bridge of type (1) is trivial and a bridge of type (2) is non-trivial. A vertex of an η-bridge
B in η(H) is an attachment of B. If η(v) is an attachment of B for some v ∈ V (H) then v
is a foot of B. If there is an attachment of B on the uv-segment of η different from η(u) and
η(v) for some uv ∈ E(H) then uv is a foot of B. A trivial η-bridge with both attachments
at η-hubs is simple. An η-bridge with all attachments on segments with a common end η(v)
is a v-bridge. An η-bridge is cubic if it is a v-bridge for some cubic v ∈ V (H).
We say that an η-bridge B is unstable if one of the following holds:
(1) all attachments of B are on a single η-segment
(2) B is non-trivial and all attachments of B are on a single η-segment and a vertex disjoint
from that segment
(3) B is non-trivial and all attachments of B are on two η-segments with a common end
(4) B is non-trivial and cubic.
A bridge that is not unstable is stable.
The following is (5.2) in [5].
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Lemma 4.3.1. Let H and G be internally 4-connected graphs with H a minor of G. If no
vertex split of H is a minor of G, then there is a homeomorphic embedding η : H ↪→ G so
that every η-bridge is stable.
Below we prove that we must have a homeomorphic embedding η so that every η-bridge
is both stable and either simple or cubic. Note that a stable cubic bridge is trivial, so all
η-bridges are also trivial.
Lemma 4.3.2. Let H be an internally 4-connected minor of an internally 4-connected graph
G. If G does not have a common or ladder extension of H as a minor, then there is a
homeomorphic embedding η : H ↪→ G so that every η-bridge is stable and either simple or
cubic.
Proof. Since G does not have a vertex split of H as a minor, by Lemma 4.3.1, there is a
homeomorphic embedding η : H ↪→ G so that every η-bridge is stable. Now consider an
η-bridge B.
First assume all of the attachments of B are η-hubs. Since B is stable, it must have at
least two attachments. If B has exactly two attachments, B is simple. If B has exactly three
attachments η(v1), η(v2), and η(v3), then η(H) ∪ B has H + (v1, v2, v3) as a minor, and by
Lemma 4.2.1.2, v1, v2, and v3 are the neighbors of a cubic vertex or they are a cubic vertex
and two of its neighbors, but in either case, B is cubic. If B has at least four attachments,
η(v1), η(v2), η(v3), and η(v4), then η(H) ∪ B has H + (v1, v2, v3, v4) as a minor, and by
Lemma 4.2.1.3, v1, v2, v3, and v4 are a cubic vertex and its neighbors. If those four are the
only attachments of B, then B is cubic. Otherwise, assume without loss of generality v1 is a
cubic vertex adjacent to v2, v3, and v4, and that η(v5) is an attachment of B different from
η(v1), η(v2), η(v3), and η(v4). Then by Lemma 4.2.1.3, v1, v2, v3, and v5 are a cubic vertex
and its neighbors, but since H is internally 4-connected and v1v2, v1v3 ∈ E(H), v1 must be
cubic and adjacent to v2, v3 and v5. But v5 is different from v4, a contradiction.
Now we can assume that B has an attachment that is not an η-hub. Assume all at-
tachments of B that are not η-hubs lie on the v1v2-segment. Let a1 be an attachment of B
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on the v1v2-segment that is not a hub. Then note that since B is stable, B must have at
least two attachments a2 and a3 that are hubs different from v1 and v2. Then η(H)∪B has
H + (a2, v1v2) as a minor, and by Lemma 4.2.1.1, we may assume without loss of generality
that v1 is cubic and adjacent to a2. Now if B is not cubic we may assume that a3 is not
on any of the segments with end at η(v1). But then η(H) ∪ B has H + (a2, a3, v1v2) as a
minor, and by Lemma 4.2.1.5, one of v1 or v2 is cubic and adjacent to a2 and a3, which is
not possible since v1 is cubic and adjacent to both a2 and v2, which means a2v2 6∈ E(H),
and v1 is not adjacent to a3.
We can now assume B has at least two attachments a1 and a2 on different segments
that are not hubs. Assume a1 is on the v1v2-segment and a2 is on the v3v4-segment. Then
η(H)∪B has H + (v1v2, v3v4) as a minor, and by Lemma 4.2.1.4, we may assume v1 is cubic
and identical to v3. Now if B is not cubic B must have another attachment a3 not on segments
incident to v1. If a3 is not a hub, let a3 be on the v5v6-segment. Then H + (v1v2, v5v6) and
H+(v1v4, v5v6) are both minors of η(H)∪B, and by Lemma 4.2.1.4, since v1 is not identical
to v5 or v6, we may assume v2 is identical to v5 and v4 is identical to v6, but then v1 is cubic
and adjacent to both v5 and v6, and v5v6 ∈ E(H), a contradiction to H being internally
4-connected. So we may assume a3 is a hub. Now η(H) ∪ B has H + (a3, v4, v1v2) as a
minor, and by Lemma 4.2.1.5, one of v1 or v2 is cubic and adjacent to a3 and v4, which is
not possible since v1 is cubic and adjacent to both v2 and v4, which means v2v4 6∈ E(H), and
v1 is not adjacent to a3.
Lemma 4.3.3. Let H be an internally 4-connected minor of an internally 4-connected graph
G. If G has no common, ladder, or wheel extension of H as a minor, then there is a
homeomorphic embedding η : H ↪→ G so that every η-bridge is stable and either simple or
cubic, and for any adjacent cubic vertices u, v ∈ V (H) one of the following holds:
(1) There is a vertex w on the uv-segment P such that any non-simple u-bridge has no
attachments on wPv other than w and any non-simple v-bridge has no attachments on
wPu other than w
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(2) ||P || = 1.
Proof. By Lemma 4.3.2, there is a homeomorphic embedding η : H ↪→ G so that every
η-bridge is stable and either simple or cubic. Let u, v ∈ V (H) with NH(u) = {v, u1, u2}
and NH(v) = {u, v1, v2}. Let Bu be the set of non-simple u-bridges, and let Bv be the set of
non-simple v-bridges. Let P be the uv-segment.
Suppose there is an attachment au of Bu ∈ Bu on P different from u and v and an
attachment av of Bv ∈ Bv on P different from u and v so that |uPav| < |uPau|. Then since
Bu and Bv are stable, Bu has an attachment aui on the uui-segment other than u for some
i ∈ {1, 2} and Bv has an attachment avj on the vvj-segment other than v for some j ∈ {1, 2}.
Then η(H) ∪ Bu ∪ Bv has η(H) + (au, aui) + (av, avj) as a minor, which by contracting aui
to ui, contracting avj to vj, and contracting series edges has H + (ui, uv) + (vj, uw) as a
minor, where w is the vertex of H + (ui, uv) not in H, which is a wheel extension. So there
must be a vertex s on P so that all attachments of Bu other than v on P are on uPs and all
attachments of Bv other than u on P are on sPv.
Now let B′u be the set of bridges in Bu with attachment at v, and let B′v be the set of
bridges in Bv with attachment at u. If both B′u = ∅ and B′v = ∅, then w = s is a vertex
making (1) hold. Now if B′u 6= ∅ and Bv has no attachments on P other than u and v, then
B′v 6= ∅, otherwise w = v is a vertex making (1) hold, and Bu has an attachment on P other
than u and v otherwise (2) holds. So either B′u 6= ∅ and Bv has an attachment on P other
than u or v or B′v 6= ∅ and Bu has an attachment on P other than u or v. These cases are
symmetric, so we may assume without loss of generality that B′u 6= ∅ and Bv ∈ Bv has an
attachment av on P other than u or v.
Now Bv is stable, so Bv must have an attachment avj other than v on the vvj-segment
for some j ∈ {1, 2}. Now suppose there is a bridge Bu ∈ B′u with attachment aui on the
uui-branch different from u and ui. Then η(H) ∪ Bu ∪ Bv has η(H) + (v, aui) + (avj , av)
as a minor, which by contracting avj to vj, and contracting series edges produces a minor
isomorphic to H + (v, uui) + (vj, uv) which is not possible by Lemma 4.2.3. So any bridge
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in B′u has all its attachments at u1, u2, or on P . But since all bridges are stable, the bridges
in Bu have at most two attachments. Thus all bridges in B′u have an attachment at v and a
second attachment at either u1 or u2, and thus are simple, a contradiction since B′u 6= ∅ and
B′u ⊆ Bu, the set of non-simple u-bridges.
Suppose η : H ↪→ G. Then we say η is good if every η-bridge is stable and either simple
or cubic, and for every cubic vertex v ∈ V (H), the following hold:
(1) There is at most one non-simple v-bridge
(2) If there is a non-simple v-bridge with attachment w on the uv-segment different than
η(u) and η(v), then u is cubic and there is a u-bridge with attachment at w.
Lemma 4.3.4. Let H be an internally 4-connected minor of an internally 4-connected graph
G. If G has no common, ladder, or wheel extension of H as a minor, then there is a good
homeomorphic embedding η : H ↪→ G.
Proof. By Lemma 4.3.3 we may assume there is a homeomorphic embedding η : H ↪→ G so
that every η-bridge is stable and either simple or cubic, and for any adjacent cubic vertices
u, v ∈ V (H), either ||P || = 1 or there is a vertex w on the uv-segment P such that any
non-simple u-bridge has no attachments on wPv other than w and any non-simple v-bridge
has no attachments on wPu other than w.
Let v ∈ V (H) with NH(v) = {v1, v2, v3} such that Bv, the set of non-simple v-bridges,
is non-empty. If there is no such v, then (1) trivially holds. Let Pi be the vvi-segment. If
||Pi|| > 1, let wi be the vertex on Pi so that any non-simple v-bridge has no attachments on
wiPivi other than wi and any non-simple vi-bridge has no attachments on vPiwi other than
wi. If ||Pi|| = 1, let wi = η(vi). Then if there is no η-bridge with attachment at v that is
not a v-bridge, {w1, w2, w3} is a 3-cut separating Bv, vPw1, vPw2, and vPw3 from the rest
of G.
So we may assume there is an η-bridge B with attachment at v that is not a v-bridge.
Since B is stable, it has an attachment aB not on the vv1-, vv2-, or vv3-segments of H
′. Now
the bridges of Bv each have only two attachments, since they are stable. Thus we may write
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Bv = B12v ∪B13v ∪B23v where Bijv is the set of bridges of Bv with all attachments on Pi and Pj
only.
Now some Bijv must have attachment on vPivi different from v and vi, otherwise the
bridges of each Bijv have attachments only at vi and vj, and thus are simple. Without loss
of generality, assume B12v has an attachment on vP1v1 other than v or v1. Now if B13v has
an attachment on vP1v1 other than v and v1, then G has H + (v2, vv1) + wv3 as a minor,
where w is the vertex of H + (v2, vv1) not in H, which is not possible by Lemma 4.2.2.1. If
B13v has an attachment on vP1v3 other than v and v3, then G has H + (v2, vv1) + (v1, vv3) as
a minor, which is not possible by Lemma 4.2.2.2. Thus B13v = ∅. If B23v has an attachment
on vP1v2 other than v and v2, then G has H + (v2, vv1) + (v3, vv2) as a minor, which is not
possible by Lemma 4.2.2.2. If B23v has an attachment on vP1v3 other than v and v3, then
G has H + (v2, vv1) + (v2, vv3) as a minor, which is not possible by Lemma 4.2.2.3. Thus
B23v = ∅.
Now suppose B12v has an attachment on vP1w1 other than w1. Then {v, w1, w2} is a 3-cut
separating B12v , vP1w1 and vP1w2 from the rest of G. Similarly, the only attachment of B12v
on vP2w2 is w2. So the only attachments of B12v are v, w1 and w2. Thus for any cubic vertex
v, if Bv 6= ∅ then Bv is a single edge from w1 to w2, and there is at most one non-simple
v-bridge.
Now if v ∈ V (H) is cubic and there is a non-simple v-bridge B with attachment w on the
uv-segment different than η(u) and η(v), then if there is no η-bridge B′ 6= B with attachment
at w, then w is cubic in G. But since B is stable, B must have an attachment w′ on the
u′v-segment for u′ 6= u. Then uww′u is a triangle in G, which is not possible since w is cubic.
Thus there is an η-bridge B′ 6= B with attachment at w. But then B′ is not simple, and
thus must be cubic, since w 6∈ η(V (H)). Furthermore since there is at most one non-simple




If η : H ↪→ G is a good homeomorphic embedding, then for n ≥ 2, we say β = (B1, B2, . . . , Bn−1)
is an η-bridgework based at (u1, u2, . . . , un+1, v2, v3, . . . , vn) if the following hold:
(1) u1u2 . . . un is a path or cycle in H
(2) NH(ui) = {ui−1, ui+1, vi} for i = 2, 3, . . . , n (if un = u1, then un+1 = u2)
(3) Bi is a trivial η-bridge for i = 1, 2, . . . , n− 1
(4) B1 has one foot at u1u2 and another foot at v2 or u2v2.
(5) Bi has one foot at ui and another foot at vi+1 or ui+1vi+1 for i = 2, 3, . . . , n− 1.
Figure 4.4: A Bridgework
If u1u2 . . . un is a path, we say that β is a path η-bridgework. If u1u2 . . . un is a cycle, we
say that β is a cycle η-bridgework. We say that β is restricted if when e = aη(vi+1) ∈ E(G)
then Bi = e for each i = 1, 2, . . . , n − 1, where a is the attachment of Bi on the uiui+1-
segment. We say that β is movable if when vj = ui (and thus, vi = uj) for 2 ≤ i < j ≤ n we
have that uivi (= ujvj) is a foot of both Bi−1 and Bj−1. Note that for a restricted movable
bridgework this means η(uj−1)η(vj), aη(vi) 6∈ E(G), where a is the attachment of Bi on the
uiui+1-segment.
If β = (B1, B2, . . . , Bn−1) is a movable η-bridgework based at (u1, u2, . . . , un+1, v2, v2, . . . ,
vn) let a1 be the attachment of B1 on the u1u2-segment and let a2 be the attachment of B1
on the u2v2-segment. Then a 1-move of (η, β), say (η, β)
1 = (η′, β′), where η′ : H ↪→ G, and
β′ = (B′2, B
′
3, . . . , B
′
n−1) and η
′ and β′ satisfy the following:
(1) η′(u2) = a1 and η
′(v) = η(v) if v ∈ V (H) is different from u2,
(2) η′(u1u2) = η(u1)a1,
(3) η′(u2v2) = a1a2η(v2) if a2 6= η(v2) and η′(u2v2) = a1a2 otherwise,
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(4) η′(u2u3) = {a1η(u2)} ∪ η(u2u3),
(5) η′(e) = η(e) if e ∈ E(H) is not incident with u2,
(6) B′i ∈ B(η′) is the η′-bridge corresponding to Bi for i = 2, 3, . . . , n− 1.
If n = 2, we define η′ as usual, and β′ = (). Note that if n ≥ 3, then β′ is a movable η′-
bridgework based at (u2, u3, . . . , un+1, v3, v4, . . . , vn). We say (η
′, β′) is a k-move of (η, β),
denoted (η, β)k if (η′, β′) is obtained from (η, β) by applying a 1-move k times for k ≤ n. If
a is the attachment of Bk on the uk+1vk+1-segment of η, then the residue of (η, β)
k = (η′, β′)
is a path P , where P = η(uk+1vk+1) if a = η(vk+1) and otherwise P = η(uk+1)a.
The remainder of this section consists of several technical Lemmas about bridges having
attachments near the end of a restricted movable η-bridgework. The following assumptions
will be made throughout these Lemmas:
• G and H are internally 4-connected graphs and η : H ↪→ G is good;
• G has no common, ladder, or wheel extension of H as a minor;
• if H is isomorphic to Mk, then G does not have QMk+1 as a minor;
• if H is isomorphic to ADWk, then G does not have DWk+1 as a minor;
• if H is isomorphic to ADW+k , then G does not have DW
+
k+1 as a minor;
• β = (B1, B2, . . . , Bn−1) is a restricted movable η-bridgework based at (u1, u2, . . . , un+1,
v2, v3, . . . , vn);
• Bn ∈ B(η)\{B1, B2, . . . , Bn−1}.
Lemma 4.4.1. Let n ≥ 4. If Bn has one attachment a1 on the unx-segment different from
η(x) and another attachment a2 on the un−2y-segment different from η(y), then either B1 or
Bn−1 has attachment at a1 or Bn−3 has attachment at a2.
Proof. Assume for contradiction that neither B1 nor Bn−1 has attachment at a1 and neither
B1 nor Bn−3 has attachment at a2. Note first that since neither B1 nor Bn−1 have attachment
at a1, no Bi has attachment at a1 for i = 1, 2, . . . , n− 1 since η is restricted. Similarly, since
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neither B1 nor Bn−3 have attachment at a2, no Bi has attachment at a2 for i = 1, 2, . . . , n−
3, n − 1, and Bn−2 only has attachment at a2 if a2 = η(un−2). Now let (η′, β′) = (η, β)n−2
with corresponding residue P . Let Q be the graph obtained from η′(H) ∪ P ∪ Bn−1 ∪ Bn
by contracting a1η(un) if a1 6= η(un), contracting a2η(un−2) if a2 6= η(un−2), contracting the
attachment a3 of Bn−1 on the unvn-segment of η
′ to η′(vn) if a3 6= η′(vn), contracting the
vertex v of P on the un−1vn−1-segment of η
′ to η′(vn−1) if v 6= η′(vn−1), and contracting
series edges. Then Q is isomorphic to H + (un−1, un, vn−1, vn) and by Lemma 4.2.1.3, un−1,
un, vn−1, and vn are a cubic vertex and its neighbors, but since vn−1un−1unvn is a path, this
is not possible.
Lemma 4.4.2. If Bn has a foot at x for some x ∈ V (H) and an attachment a on the uny-
segment different from η(y) so that B1 and Bn−1 do not have attachment at a, then either
Bn is a un-bridge or un+1 is cubic and adjacent to x. Note that if a = η(un) then un+1 is
cubic and adjacent to x.
Proof. Note first that since neither B1 nor Bn−1 have attachment at a, no Bi has attachment
at a for i = 1, 2, . . . , n − 1 since η is restricted. If x 6= ui for 2 ≤ i ≤ n, then let (η′, β′) =
(η, β)n−1. Let Q be the graph obtained from η′(H) ∪Bn by contracting aη(un) if a 6= η(un)
and contracting series edges. Then Q is isomorphic to H + (x, unun+1), and by Lemma
4.2.1.1, one of un or un+1 is cubic and adjacent to x. If un+1 is cubic and adjacent to x then
the proof is complete. If x is adjacent to un then Bn has its only attachments at a and η(x)
which are both on segments with end at η(un) and thus Bn is a un-bridge.
Now if x = ui for 2 ≤ i < n, then let (η′′, β′′) = (η, β)i−1 and let Q′ be the graph obtained
from η′′(H) ∪ Bn by contracting aη(un) if a 6= η(un) and contracting series edges. Then Q′
is isomorphic to H + (un, uiui+1). Thus by Lemma 4.2.1.1, one of ui or ui+1 is cubic and
adjacent to un. If ui is adjacent to un, then Bn is a un-bridge. If ui+1 is adjacent to un, then
ui+1 ∈ {un−1, un+1, vn}.
If ui+1 = un−1, then ui = un−2, and since i ≥ 2 we have n ≥ 4, but then Bn is a bridge
with attachment at η(un−2) and at a which is not possible by Lemma 4.4.1. If ui+1 = un+1,
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then un+1 is cubic and adjacent to x. If ui+1 = vn, then un = vi and since η is movable, Bi
and Bn−1 have the same attachment on the unvn-segment different from η(un) and η(vn).
But then a 6= η(un) since then η(ui)η(un) ∈ E(G), which is not possible since η is restricted.
If a is on the unvn-segment different from η(un) then Bn = Bi which is not possible. If
a is on the un−1un-segment different from η(un), then the graph obtained from η(H) ∪ Bn
by contracting series edges is isomorphic to H + (ui, un−1un) and by Lemma 4.2.1.1, one of
un−1 or un is cubic and adjacent to ui. But un is not adjacent to ui since un is adjacent
to ui+1, so un−1 is adjacent to ui. But then the graph obtained from η(H) ∪ Bn ∪ Bn−1
by contracting series edges is isomorphic to H + (un−1, unvn) + (ui, un−1un), which is not
possible by Lemma 4.2.3. If a is on the unun+1-segment different than η(un) then the graph
obtained from η(H) ∪ Bn by contracting series edges is isomorphic to H + (ui, unun+1) and
by Lemma 4.2.1.1, one of un or un+1 is cubic and adjacent to ui. But un is not adjacent to
ui, which completes the proof.
Lemma 4.4.3. If vn = u1, then Bn does not have attachment at η(un) and at the attachment
of B1 on the u1u2-segment.
Proof. Suppose otherwise. First note that u1 is cubic since Bn is a non-simple bridge. So
(Bn) is a restricted movable η-bridgework. Suppose β
′ = (Bn, Bn−1, . . . , Bt+1) is a restricted
movable η-bridgework based at (u2, vn, vn−1, . . . , vt+1, x, un, un−1, . . . , ut+1) for 2 ≤ t ≤ n−1.
So vi is cubic and adjacent to vi+1 and Bi has attachment at η(vi+1) for t + 1 ≤ i ≤ n − 1.
Then Bt has attachments at η(ut) and on the vt+1ut+1-segment different from η(vt+1) and
Bt+1 and Bn do not share an attachment with Bt so by Lemma 4.4.2, either Bt is a vt+1-
bridge or y is cubic and adjacent to ut. But Bt is not a vt+1-bridge since ut is not adjacent
to vt+1. So x is cubic and adjacent to ut, and x ∈ {vt, ut−1}.
If x = ut−1, then we may assume t ≥ 3, since if t = 2, ut−1 = u1 = vn which cannot be
x. Also vt+1 6= ut−2 since ut+1 and ut−2 are not adjacent. So vt+1 = vt−1. Now let (η′, β′′) =
(η′, β′)n−t. Let Q be the graph obtained from η′(H) + {Bt−2, Bt−1, Bt} by contracting the
attachment a1 of Bt on the ut+1vt+1-segment of η to η
′(vt+1) and deleting a1η(ut+1) if a1 6=
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η(vt+1), deleting the ut+1vt+1-segment of η if a1 = η(vt+1), contracting the attachment a2 of
Bt−1 on the utvt-segment to η(vt) if a2 6= η(vt), contracting the attachment a3 of Bt−2 on
the ut−1vt+1-segment of η to η(vt+1) if a3 6= η(vt+1), and contracting series edges. Then Q is
isomorphic to H + (ut−2, ut−1, ut, vt), so by Lemma 4.2.1.3, ut−2, ut−1, ut, and vt are a cubic
vertex and its neighbors, which is not possible since ut−2ut−1utvt is a path. Thus y = vt.
Now suppose Bt does not have attachment at η(vt+1). Then note that vt+1 is different
from ui for t ≤ i ≤ n, so since η is good, there must be an η-bridge B′t 6∈ {Bn, Bn−1, . . . , Bt}
with one attachment on the ut+1vt+1-segment different from η(ut+1) and η(vt+1) and another
attachment a on the vt+1y-segment different from η(vt+1) for y ∈ {vt, vt+2}. Now let Q′
be the graph formed from η′(H) + {Bt, B′t} by contracting a to η(y) if a is different from
η(y), contracting the vt+1z-segment for z ∈ {vt, vt+2} different from y, and contracting series
edges. Then Q′ is isomorphic to H + (ut+1, vt+1, ut, vt) which is a quadrangular extension of
H. So Bt has attachment at η(vt+1).
So by induction, vi = vi+1 is cubic and Bi has attachment at η(vi+1) for i = 2, 3, . . . , n−1.
Now if H has more than 2n vertices, {un, v2} separates u2, u3, . . . , un and v2, v3, . . . , vn from
the rest of the graph. So V (H) = {u2, u3, . . . , un, v2, v3, . . . , vn}, and un and v2 must be adja-
cent. Then H is isomorphic to M2n−2 and the graph obtained from η(H) + {B1, B2, . . . , Bn}
by contracting the attachment a of B1 on the u2v2-segment to η(v2) if a 6= η(v2) and con-
tracting series edges is isomorphic to QM2n−1.
Lemma 4.4.4. Bn does not have one attachment a1 on the unvn-segment different from
η(vn) and another attachment a2 on the vny-segment different from η(vn) and η(y) where a1
is not an attachment of Bn−1.
Proof. Note first that since Bn−1 does not have attachment at a1, no Bi has attachment at
a for i = 1, 2, . . . , n− 1 since η is restricted. Now if vn = ui for some 2 ≤ i < n, then since
η is movable, Bi−1 is a non-simple vn-bridge, which is not possible, since Bn is a non-simple
vn-bridge, and η is good. If y 6= ui for any 2 ≤ i < n, then let (η′, β′) = (η, β)n−1. The
graph Q obtained from η′(H) ∪ Bn by contracting a1η(un) if a1 6= η(un) and contracting
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series edges is isomorphic to H + (unun+1, vny), so by Lemma 4.2.1.4, one of un or un+1 is
cubic and identical to one of vn or y, which is not possible since un+1unvny is a path.
Now suppose y = u2 and vn = u1. Then a1 6= η(un) by Lemma 4.4.3. So there must be
a un-bridge B with attachment at a1 and attachment a3 on either the un−1un- or unun+1-
segment. Then let Q′ be the graph obtained from η′(H)∪Bn∪B by contracting a3 to η(un−1)
and contracting η(unun+1) if a3 is on the unun−1-segment of η, contracting a3 to η(un+1) and
contracting η(unun−1) if a3 is on the unun+1-segment of η, and contracting series edges. Then
Q′ is isomorphic to H + (u1, u2, un, un+1), and by Lemma 4.2.1.3, u1, u2, un, and un+1 are a
cubic vertex and its neighbors, which is not possible since u2u1unun+1 is a path in H.
Finally suppose y = ui for some 2 ≤ i < n. Note that vn = vi if i ≥ 3 since vn 6∈
{ui−1, ui+1}, and if i = 2 we may assume vn = v2 since we have already handled the case
that vn = u1. If Bi−1 has attachment at a2, then Q is still isomorphic to H + (unun+1, vny)
which is not possible as previously noted. So we may assume Bi−1 has attachment at vn = vi.
Since η is good, there must be a ui-bridge B with attachment at a2 and another attachment
at a3 on the ui−1ui- or uiui+1-segment different from η(ui). Now let (η
′′, β′′) = (η, β)i−1
with corresponding residue P . Then let Q′′ be a graph obtained from η′′(H) ∪ P ∪ B ∪ Bn
by contracting a1η(un) if a1 6= η(un), contracting a3η(ui−1) if a3 6= η(ui−1) and contracting
η(uiui+1) if a3 is on the ui−1ui-segment of η, contracting a3η(ui+1) if a3 6= η(ui+1) and
contracting η(ui−1ui) if a3 is on the uiui+1-segment of η, and contracting series edges. Then
Q′′ is isomorphic to H + (ui, ui+1, un, vn), so by Lemma 4.2.1.3, ui, ui+1, un, and vn are a
cubic vertex and its neighbors, which is not possible since ui+1uivnun is a path.
Lemma 4.4.5. If n ≥ 3, then Bn does not have one attachment a1 on the un−1un-segment
different from η(un−1) and another attachment a2 on the un−1vn−1-segment different from
η(un−1), where one of a1 or a2 is not in η(V (H)).
Proof. Note first that since Bn is a non-simple un−1-bridge then Bn−2 must be simple, and
thus has attachment at η(vn−1). Then since η is movable no Bi has attachment on the
un−1vn−1-segment for i = 1, 2, . . . , n− 3, n− 1.
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Now suppose a1 6∈ η(V (H)). Then let (η′, β′) = (η, β)n−2 with corresponding residue P .
Let Q be the graph obtained from η′(H)∪Bn−1∪Bn by contracting a2η(vn−1) if a2 6= η(vn−1),
contracting the attachment a3 of Bn−1 on the unvn-segment to η(vn) if a3 6= η(vn), and
contracting series edges. Then Q is isomorphic to H + (vn−1, un−1un) + (vn, un−1w), where
w is the vertex of H + (vn−1, un−1un) not in H. But this is a wheel extension of H.
So we may assume a1 = η(un) and a2 6∈ η(V (H)). Since η is good there must be an
η-bridge B with attachment at a2 and another attachment a3 on the vn−1x-segment different
than η(vn−1) for x 6= un−1. Now if a3 6= η(x), then (B1, B2, . . . , Bn−2) is a restricted movable
η-bridgework and B has attachments on the un−1vn−1- and the vnx-segments which is not
possible by Lemma 4.4.4.
Now we may assume a3 = η(x). Suppose x 6= ui for any i = 2, 3, . . . , n− 3. Then let Q′
be the graph obtained from η′(H)∪P ∪B ∪Bn by contracting η(un−2un−1) and contracting
series edges. Then Q′ is isomorphic to H + (un−1, un, vn−1, x) and by Lemma 4.2.1.3, un−1,
un, vn−1, and x are a degree three vertex and its neighbors in H. This is not possible since
unun−1vn−1x is a path. So x = ui for some i = 2, 3, . . . , n − 3. Then (B1, B2, . . . , Bi−1) is a
restricted movable η-bridgework, B has attachment at a3 = η(vi) and on the viun−1-segment
different from η(vi) and η(un−1), and Bi−1 does not have attachment at a3, which is not
possible by Lemma 4.4.4.
Lemma 4.4.6. If u1u2 . . . un+1 is a path or cycle in H and Bn has attachment at η(un)
and attachment a on the un+1vn+1-segment different than η(un+1) where vn+1 is a vertex
adjacent to un+1 different from un, a = η(vn+1) if η(un)η(vn+1) ∈ E(G), and if un+1 = u1
then vn+1 6= u2. Then β′ = (B1, B2, . . . , Bn) is a restricted movable η-bridgework based at
(u1, u2, . . . , un+2, v2, v3, . . . , vn+1), where un+2 is a vertex adjacent to un+1 in H different
from un and vn+1.
Proof. If a = η(vn+1), then by Lemma 4.4.2 un+1 is cubic. If a 6= η(vn+1), then since η is
good, Bn must be cubic, and thus un+1 is cubic. Thus β
′ is a restricted η-bridgework, and
it remains to show β′ is movable. Now suppose vn+1 = ui for 2 ≤ i ≤ n− 2. Note that this
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means n ≥ 4 and un+1 is different from ui−1 and ui+1 unless i = 2 and un+1 = u1, but then
vn+1 = u2, which is not possible. So we have un+1 = vi.
Now if a 6= η(vn+1), then if Bi−1 has attachment on the uivi-segment different from η(vi),
then the conclusion holds. So whether a = η(vn+1) or not, we may assume Bi−1 does not
have attachment at a. But then (B1, B2, . . . , Bi−1) is a restricted movable η-bridgework and
Bn is a bridge with attachments at η(un) and at a on the uivi-segment different from η(vi)
where no Bj has attachment at a for 1 ≤ j ≤ i− 1 since Bi−1 does not have attachment at
a, so by Lemma 4.4.2, either Bn is a ui-bridge, or ui+1 is adjacent to un. But since un is
different from ui−1, ui+1, and vi = vn+1, we know Bn is not a ui-bridge. Thus ui+1 is adjacent
to un, and un ∈ {ui, ui+2, vi+1}.
Now un 6= ui since ui = vn+1. If un = ui+2, then ui+1 = un−1 and ui = un−2. And since
i ≥ 2, we have n ≥ 4. But then Bn has one attachment at η(un) and an attachment a on the
un−2vn−2-segment different from vn−2, and a of B1 or Bn−3, which is not possible by Lemma
4.4.1.
Finally, if un = vi+1, then if a = η(vn+1) then Bn = Bi since β is restricted, which is
not possible since Bn 6∈ {B1, B2, . . . , Bn−1}. So a 6= η(vn+1) and since η is good, there must
be a bridge B ∈ B(η) with one attachment at a and the other attachment a′ on either the
ui−1ui-segment or the uiui+1-segment different from η(ui). If a
′ is on the ui−1ui-segment,
then let (η′, β′) = (η, β)n−1. Let Q be the graph obtained from η′(H) ∪ η(un+1ui) ∪ Bn ∪ B
by contracting a′η(ui−1) if a
′ 6= η(ui−1), contracting η(un) to η′(un), and contracting series
edges. Then note that Q is isomorphic to H + (ui, ui+1, un, un+1), which is a quadrangular
extension of H. If a′ is on the uiui+1 segment, then (B0, B1, . . . , Bi) is a restricted movable
η-bridgework and B is a bridge with attachment on the uivi-segment different from η(ui) and
η(vi) and an attachment on the uiui+1 segment different from η(ui), which is not possible by
4.4.5.
Lemma 4.4.7. If β is a cycle bridgework, then Bn does not have attachment at η(u1) and
η(u3).
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Proof. Since η is good, there must be a u1-bridge B0 with foot at u1u2. Now since B0 is a
non-simple u1-bridge, Bn−1 must be simple and has attachment at η(vn). So because β is
movable, we know vn 6= ui for 2 ≤ i ≤ n− 1. Let (η′, β′) = (η, β)2. Then the graph obtained
from η′(H) ∪ Bn by contracting series edges is isomorphic to H + (u1, u3u4), so by Lemma
4.2.1.1, either u3 or u4 is cubic and adjacent to u1. But u3 is not adjacent to u1, since u2
is a cubic vertex adjacent to both u1 and u3. So u4 is cubic and adjacent to u1. Now since
u4 6= vn, we must have u4 = un−1, and n = 5. Now let (η′′, β′′) = (η, β)2 with corresponding
residue P . Then let Q be the graph obtained from η′′(H) ∪ P ∪ B4 ∪ Bn by contracting
the attachment a3 of B3 on the u4v4 segment of η to η(v4) if a3 6= η(v4) and contracting
series edges. Note that Q is isomorphic to H + (u1, v1, u4, v4), and by Lemma 4.2.1.3, u1,
v1, u4, and v4 are a cubic vertex and its neighbors, which is not possible since v1u1u4v4 is a
path.
Lemma 4.4.8. If β is a cycle bridgework, then B0 ∈ B(η)\{B1, B2, . . . , Bn−1} does not have
attachments on the unvn-segment different that η(un) and at the attachment of B1 on the
u1u2-segment.
Proof. Note first that since B0 is a non-simple u1-bridge, Bn−1 must have attachment at
η(vn) since η is good. So because β is movable, we know vn 6= ui for 2 ≤ i ≤ n − 1, and
thus no member of {B0, B1, . . . , Bn−1} has attachment at η(u1). Thus there is a bridge
Bn ∈ B(η)\{B0, B1, . . . , Bn−1} with attachment at η(u1).
4.4.8.1 Bn has attachment at η(v2) = η(vn−1).
Proof. Let a be the attachment of Bn different than η(u1). Suppose first that a 6∈
η(V (H)). Then a cannot be on the u2x-segment for x ∈ {v2, u3} since η is good and B1
is a non-simple u2-bridge. a cannot be on the vnx-segment for x adjacent to vn in H by
Lemma 4.4.4. Since u1u2 . . . un is a cycle, n ≥ 5, and a cannot be on the un−2un−1-segment
by Lemma 4.4.1. a cannot be on the un−1vn−1-segment by Lemma 4.4.5. Thus a ∈ η(V (H)).
Let a = η(v) for some v ∈ V (H).
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Now by Lemma 4.4.2 u2 is cubic and adjacent to v. But v 6= u3 by Lemma 4.4.7.
So v = v2. But (B0) is also a restricted movable η-bridgework, so by Lemma 4.4.2 un−1 is
adjacent to v. But since un = u1, we have n ≥ 5, and v 6= un−2 by Lemma 4.4.1, so v = vn.

Now let vn+1 = v2. Then we have the following:
4.4.8.2 Let i ∈ {3, 4, . . . , n − 1}. If Bj has attachment at η(vj−1) = η(vj+1) for all
i+ 1 ≤ j ≤ n, then Bi has attachment at η(vi−1) = η(vi+1).
Proof. Note that (B0, Bn, Bn−1, . . . , Bi+1) is a restricted movable η-bridgework based at
(u2, un, un−1, . . . , ui, ui−1, vn, vn−1, . . . , vi). Then Bi is a bridge with attachment at η(ui)
and an attachment on the ui+1vi+1-segment different from η(ui+1), and by Lemma 4.4.5, we
may assume Bi has attachment at η(vi+1). Now Bi has attachment at η(ui) and η(vi+1), so
by Lemma 4.4.2 ui−1 is adjacent to vi+1. Thus vi+1 ∈ {ui−2, ui, vi−1}. Now vi+1 6= ui since
NH(ui+1) = {ui, vi+1, ui+2}. If vi+1 = ui−2, then Bi has attachment at η(ui) and η(ui−2)
but considering (B1, B2, . . . , Bi) is a restricted movable η-bridgework, this is not possible by
Lemma 4.4.1 if i ≥ 4 and is not possible by Lemma 4.4.7 if i = 3. Thus Bi has attachment
at η(vi−1) = η(vi+1). 
So by induction we have that vi−1 = vi+1 for all i ∈ {3, 4, . . . , n}. But then if n is
even, H is isomorphic to a wheel on n vertices which is not internally 4-connected. Thus
n is odd and H is isomorphic to ADWn+1 or ADW
+
n+1. Let Q be the graph formed from
η(H)∪{B0, B1, . . . , Bn} by contracting the attachment a1 of B0 on the unvn-segment to η(vn)
if a1 6= η(vn), contracting the attachment a2 of B1 on the u2v2-segment to η(v2) if a2 6= η(v2),
and contracting series edges. Then if H is isomorphic to ADWn+1, Q is isomorphic to DWn+2
and if H is isomorphic to ADW+n+1, Q is isomorphic to DW
+
n+2.
4.5 Proof of the Main Lemma
We begin with a lemma that will help us prove the main Lemma.
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Lemma 4.5.1. Let G and H be internally 4-connected graphs and η : H ↪→ G be a good
homeomorphic embedding. Suppose G has no common, ladder, wheel, or theta extension of
H as a minor. Further suppose if H is isomorphic Mk then G does not have QMk+1 as
minor, if H is isomorphic to ADWk, then G does not have DWk+1 as a minor, and if H is
isomorphic to ADW+k , then G does not have DW
+
k+1 as a minor. Let u1u2 ∈ E(H) and let
B1 be a u2-bridge of η and B0 be a u1-bridge of η both with foot at u1u2. Let S ⊆ B(η)\{B1}
so that no member of S has attachment at η(u2). Then there is a restricted movable path
η-bridgework β = (B1, B2, . . . , Bn−1) based at (u1, u2, . . . , un+1, v1, v3, . . . , vn), satisfying
the following:
(1) S ∩ {B1, B2, . . . Bn−1} = ∅
(2) no member of S has attachment at η(ui) for i = 2, 3 . . . , n− 1
(3) one of S ∪ {B0, B1, . . . , Bn−4} has attachment at η(un), and if B0 has attachment
at η(un), then u1 = un+1.
Proof. Since η is good, B1 is stable and thus trivial and we may assume B1 has exactly
one attachment other than a0 that is on the u2v2-segment different from η(u2). Then (B1)
is a movable path η-bridgework based at (u1, u2, u3, v2), where u3 is the vertex different
from u1 and v2 adjacent to u2. We also know (B1) is restricted, because η is good and
thus B1 is the only non-simple u2-bridge. Moreover S ∩ {B1} = ∅ and no member of S
has attachment at η(u2). Now let β = (B1, B2, . . . , Bn−1) be a restricted movable path η-
bridgework based at (u1, u2, . . . , un+1, v2, v3, . . . , vn) so that S ∩ {B1, B2, . . . Bn−1} = ∅ and
no member of S has attachment at η(ui) for i = 2, 3 . . . , n − 1. Note that (B1) is one such
η-bridgework. Further assume β is maximal with those properties, so there is no restricted
movable path η-bridgework (B1, B2, . . . , Bn) based at (u1, u2, . . . , un+2, v2, v3, . . . , vn+1) with
S ∩ {B1, B2, . . . Bn} = ∅ and no member of S having attachment at η(un).
4.5.1.1 η(un) participates in a triangle of G.
Proof. If all un-bridges are simple, then η(un)η(un−1) η(vn)η(un) is a triangle in G.
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So there is a non-simple un-bridge B with attachment a1 on the unw1-segment other than
η(un) and an attachment a2 on the unw2-segment other than η(un) for w1 and w2 distinct
members of {vn, un−1, un+1}. Now since Bn is the only non-simple un-bridge, no η-bridge
has attachment on the unwi-segment other than η(un), ai, and η(wi) for i = 1, 2, and
η(un)a1a2η(un) is a triangle in G. 
Now since η(un) participates in a triangle of G, there is an η-bridge Bn with attachment
at η(un). Choose Bn to be simple if there is a simple η-bridge with attachment at η(un).
If a member of S ∪ {B0, B1, . . . , Bn−4} has attachment at η(un), the proof is complete.
Furthermore since H is internally 4-connected, Bn−3, Bn−2, and Bn−1 do not have attachment
at η(un). So we may assume Bn 6∈ S ∪ {B1, B2, . . . , Bn−1}.
4.5.1.2 un+1 is identical to one of u1, u2, . . . , un−3 and Bn has an attachment a on the
un+1x-segment different from η(un+1).
Proof. Let a be the attachment of Bn different from η(un). Note first that since H is inter-
nally 4-connected, un+1 is not identical to un−2, un−1, or un. If a = η(x) for some x ∈ V (H),
then by Lemma 4.4.2, un+1 is cubic and adjacent to x. Now we may assume u1u2 . . . un+1
is a path in H otherwise the proof is complete, but by Lemma 4.4.6, (B1, B2, . . . , Bn) is a
restricted movable path η-bridgework contradicting the maximality of β. So we may assume
a 6∈ η(V (H)) and thus there is no simple bridge with attachment at η(un). Then Bn is cubic
with one attachment at η(un) and thus Bn is either a un−1-, un+1- or vn-bridge.
If Bn is a un−1-bridge, then note that n ≥ 4, since if n = 2 both B2 and B0 are
non-simple u1-bridges, and if n = 3 both B1 and B3 are non-simple u2-bridges, which is
not possible since η is good. Now a cannot be on the un−1un−2 segment by Lemma 4.4.1.
And a cannot be on the un−1vn−1-segment by Lemma 4.4.5. If Bn is a un+1-bridge, then
we may assume u1u2 . . . un+1 is a path in H otherwise the proof is complete. But then by
Lemma 4.4.6, (B1, B2, . . . , Bn) is a restricted movable path η-bridgework contradicting the
maximality of β. If Bn is a vn-bridge, then a is on the vny-segment for y different from un,
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which is not possible by Lemma 4.4.4. 
4.5.1.3 un+1 = u1.
Proof. If un+1 = ui for 2 ≤ i ≤ n − 3, then un = vi since un is different from ui−1
and ui+1. But since no member of S ∪ {B1, B2, . . . , Bn−1} has attachment at η(un), we may
assume Bi−1 has attachment on the uiun-segment different from η(un). Now since Bi−1 is a
non-simple ui-bridge, x ∈ η(V (H)) since η is good. So x ∈ {η(ui−1), η(ui+1)}. If x = η(ui−1),
then η(ui−1)η(vi−1) ∈ E(G), which is not possible since Bi−1 does not have attachment at
η(vi−1) and η is restricted. So x = η(ui+1) and thus (B1, B2, . . . , Bi) is an η-bridgework and
Bn has attachments at η(ui+1) and η(un), so by Lemma 4.4.2 un is adjacent to ui+2 and thus
un ∈ {ui+1, vi+2, ui+3}. But un 6= ui+1 since both are distinct neighbors of ui. If un = vi+2,
then Bn has attachments at η(ui+1) and η(vi+2), and since η is restricted, Bn = Bi+1, which
is not possible. If un = ui+3, then ui+1 = un−2 and since i ≥ 2 we have n ≥ 5, and Bn is has
attachments at η(un) and η(un−2) which is not possible by Lemma 4.4.1. 
4.5.1.4 a 6= η(u2).
Proof. Suppose a = η(u2). Then (B1) is a restricted movable η-bridgework and Bn has
attachments at η(u2) and at η(un), so by Lemma 4.4.2 u3 is cubic and adjacent to un and
thus un ∈ {u2, v3, u4}. But un 6= u2 since Bn has its only attachments at η(u2) and η(un).
If un = v3, then Bn = B2, but since un+1 = u1 we must have vn = u3, and since β is
movable, B2 should have an attachment on the u3v3-segment different from η(u3) and η(v3),
a contradiction. So un = u4, but (B1, B2, B3) is a restricted movable η-bridgework, and Bn
has attachment at η(u4) and η(u2), which is not possible by Lemma 4.4.1. 
If a = a0, then since there is only one non-simple u1-bridge, Bn = B0, and the proof is
complete. So we may assume a is on the un+1vn+1-segment where vn+1 is the vertex adjacent
to u1 = un+1 different from u1 and un. And since B0 is a non-simple u1-bridge, a = η(vn+1).
Then by Lemma 4.4.6, β′ = (B1, B2, . . . , Bn) is a restricted, movable cycle η-bridgework
based at (u1, u2, . . . , un+1, u2, v2, v3, . . . , vn+1). Now let a
′
0 be the attachment of B0 different
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from a0.
4.5.1.5 a′0 is not on the u1un-segment.
Proof. If a′0 = η(un), then B0 has attachment at η(un), completing the proof of the main
result. So we may assume a′0 is different than η(un). But then since η is good, there must be
a bridge B ∈ B(η) with attachment at a′0 and an attachment a1 either on the unvn-segment
or the un−1un-segment different than η(un). But since u1 = un+1, we have n ≥ 4, and a1
cannot be on the un−1un-segment by Lemma 4.4.1, and a1 cannot be on the unvn-segment
by Lemma 4.4.5. 
Thus we have a restricted movable cycle η-bridgework β′ and bridge B0 with attachment
on the un+1vn+1-segment different than η(un+1), which is not possible by Lemma 4.4.8.
We are now ready to prove Lemma 4.1.3.
Proof. Assume G has no common, theta, handcuff, ladder, or wheel extension of H as a
minor. Then by Lemma 4.3.4, there is a good homeomorphic embedding η : H ↪→ G. Now
since |G| > |H| and η is good, we may assume for some u1u2 ∈ E(H) there is a u1-bridge
B0 with attachment a0 6∈ η(V (H)) on the u0u1-segment and a u2-bridge B1 with attachment
at a0. Then by Lemma 4.5.1 with S = ∅, there is a restricted movable path η-bridgework
β = (B1, B2, . . . , Bn−1) based at (u1, u2, . . . , un+1, v2, v3, . . . , vn) so that Br has attachment
at η(un), for some r ∈ {0, 1, . . . , n− 1}, and if r = 0, then u1 = un+1. Now assume that B0
has attachment on the u1v1-segment where v1 6= u2. Then since u1u2 . . . un+1 is a path or
cycle we may assume Br has attachment at η(vr+1) and vr+1 = un.
4.1.3.1 Bs has attachment at η(u1) for some s ∈ {1, 2, . . . , n− 1}.
Proof. Let B′0 = B1, B
′
1 = B0, u
′
1 = u2, and u
′
2 = u1. Then by Lemma 4.5.1 with S =
{B1, B2, . . . , Bn−1}, there is a restricted movable path η-bridgework β′ = (B′1, B′2, . . . , B′m−1)
based at (u′1, u
′






3, . . . , v
′




2, . . . , B
′
m−1 are
all distinct, no member of {B1, B2, . . . , Bn−1} has attachment at η(u′i) for i = 2, 3, . . . ,m− 1
and either B′s has attachment at η(u
′
m) for some s ∈ {1, 2, . . . ,m− 4} or Bt has attachment
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at η(u′m) for some t ∈ {1, 2, . . . , n− 1}.
Now since no member of {B1, B2, . . . , Bn−1} has attachment at η(u′i) for i = 2, 3, . . . ,
m − 1, we know u′m−1u′m−2 . . . u′3u1u2 . . . un is a path in H. If u′m = ui for some i ∈
{2, 3, . . . , n}, then u′m−1 = vi since u′m−1 is not ui−1 or ui+1. So Bi−1 has an attachment a1 on
the u′m−1u
′
m-segment different from η(u
′
m−1). But then there must be a bridge B ∈ B(η) with
attachment at a1 and another attachment a2 on the u
′
m−1x-segment different from η(u
′
m−1)
for x ∈ {v′m−1, u′m−2}. Now since B is a non-simple u′m−1-bridge, B′m−2 has attachment
at η(v′m−1). Note that if m = 2, then both Bi−1 and B
′
1 are non-simple ui-bridges and if
m = 3, then both B and B′1 are non-simple u
′
2-bridges. So we may assume m ≥ 4. Now
(B′1, B
′
2, . . . , B
′
m−1) is a restricted movable η-bridgework, so by Lemma 4.4.1 x 6= u′m−2 and
by Lemma 4.4.5 x 6= v′m−1. So u′mu′m−1u′m−2 . . . u′3u1u2 . . . un is a path.
Now suppose ui = v
′
j for some i ∈ {2, 3, . . . , n − 1} and j ∈ {2, 3, . . . ,m − 1}. Then
u′j = vi and since Bi−1 does not have attachment at η(u
′





suppose B′j−1 has attachment at η(ui). But then (B1, B2, . . . , Bi−1) is a restricted movable
η-bridgework and B′j−1 is a bridge with attachment at η(ui) and η(u
′
j−1), so by Lemma 4.4.2,




j−1 = vi+1 and ui+1 = v
′
j−1. But then B
′
j−1 has attachment at
η(ui) and η(vi+1). But then Bi = B
′
j−1, which is not possible. Thus when ui = v
′
j, both Bi−1





Now let Q be the graph formed from Q′ = η(H)∪{B1, B2, . . . , Bn−1, B′1, B′2, . . . , B′m−1}
by contracting the attachment a of Bi on the ui+1vi+1-segment to η(vi+1) if a is cubic in Q
′
for i = 1, 2, . . . , n−1, contracting the attachment a′ of B′j on the u′j+1v′j+1-segment to η(v′i+1)
if a′ is cubic in Q′, and contracting series edges. Then if B′s has attachment at η(u
′
m) for
some s ∈ {1, 2, . . . ,m − 4}, then v′s+1 = u′m and Q is a handcuff extension of H. If Bt has
attachment at η(u′m) for some t ∈ {1, 2, . . . , n−1}, then vt+1 = u′m and Q is a theta extension
of H. 
Now Bs has attachment at η(vs+1) = η(u1). Now if v1 = us+1, then (B1, B2, . . . , Bs)
is a restricted movable η-bridgework and B0 is a bridge with attachment on the us+1vs+1-
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segment different from η(vs+1) and on the vs+1u2-segment different from η(vs+1) and η(u2)
which is not possible by Lemma 4.4.4. So v1 6= us+1. Now let Q be the graph formed from
Q′ = η(H) ∪ {B0, B1, B2, . . . , Bn−1} by contracting the attachment a of Bi on the ui+1vi+1-
segment to η(vi+1) if a is cubic in Q
′ for i = 0, 1, 2, . . . , n − 1 and contracting series edges.
Then if r > s, Q is a handcuff extension of H, and if r < s, Q is a theta extension of H.
4.6 Ladders and Wheels
In this section we determine the kind of graphs that can have a ladder or wheel extension of
H as a minor but no common extension of H as a minor, and then prove the main theorem.
The 2n-tuple (u1, u2, . . . , un, v1, v2, . . . , vn) is a cubic ladder chain in G if u1u2 . . . un and
v1v2 . . . vn are disjoint paths of cubic vertices in G, and ui is adjacent to vi in G for each
i = 1, 2, . . . , n. A cubic ladder chain (u1, u2, . . . , un, v1, v2, . . . , vn) in G is maximal if there
are no u0, v0 ∈ V (G) so that (u0, u1, . . . , un, v0, v1, . . . , vn) is a cubic ladder chain in G and
there are no un+1, vn+1 ∈ V (G) so that (u1, u2, . . . , un+1, v1, v2, . . . , vn+1) is a cubic ladder
chain in G. Figure 4.5 shows a cubic ladder chain.
Figure 4.5: A Cubic Ladder Chain
Lemma 4.6.1. Let H be a internally 4-connected minor of a graph G. If G has no common
extension of H as a minor, but G has a ladder extension Q of H as a minor, then either:
(1) H is isomorphic to Ln and Q is isomorphic to Ln+2.
(2) H is isomorphic to Mn and Q is isomorphic to Mn+2.
Proof. Let Q = H + (x1x2, y1y2) be a ladder extension of H that is a minor of G. Note
that (x1, x2, y1, y2) is a cubic ladder chain in H. Now let α = (u1, u2, . . . uk, v1, v2, . . . vk) be
a maximal cubic ladder chain in H with x1 = ui, x2 = ui+1, y1 = vi, and y2 = vi+1 for some
i = 1, 2, . . . , k − 1. Now if u1 is adjacent to uk in H, then v1 must be adjacent to vk and
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(1) holds for n = 2k, since otherwise {v1, vk} would be a 2-cut in H. Furthermore, if u1 is
adjacent to vk, then v1 must be adjacent to uk and (2) holds for n = 2k, since otherwise
{v1, uk} would be a 2-cut in H. Similarly, if v1 is adjacent to either uk or vk, then either (1)
or (2) holds.
Thus we may assume NH(v1) = {v0, u1, v2} and NH(u1) = {u0, v1, u2}, where u0 and
v0 are distinct from all other ui and vi for i = 1, 2, . . . k. Furthermore u0 6= v0, since
then u1 and v1 would be cubic vertices participating in a triangle u1u0v1u1. Now note that
Q = H+(uiui+1, vivi+1) is isomorphic to H+(u0u1, v0v1). So G has H+(u0u1, v0v1), and thus
H+(u0, v0v1) as a minor. So by Lemma 4.2.1.1, one of v0 or v1 is cubic and adjacent to u0. But
v1 is not adjacent to u0, so v0 is cubic and adjacent to u0. Similarly, looking at H+(u0u1, v0),
we see that u0 is cubic and adjacent to v0. But then (u0, u1, . . . , uk, v0, v1, . . . , vk) is a cubic
ladder chain, a contradiction to the maximality of α.
The (n + 2)-tuple (u1, u2, v1, v2, . . . vn) is a cubic double wheel chain in G if v1v2 . . . vn
is a path of cubic vertices in G distinct from u1 and u2, and u1 is adjacent to vi if i is
odd and u2 is adjacent to vi if i is even for i = 1, 2, . . . , n. A cubic double wheel chain
(u1, u2, v1, v2, . . . vn) in G is maximal if there is no cubic vertex v0 ∈ V (G) distinct from
u1, u2, v1, v2, . . . , vn with v0 adjacent to u2 and v1 and there is no cubic vertex vn+1 ∈ V (G)
distinct from u1, u2, v1, v2, . . . , vn with vn+1 adjacent to vn, to u1 if n+ 1 is odd, and to u2 if
n+ 1 is even. Figure 4.5 shows a cubic double wheel chain.
Figure 4.6: A Cubic Double Wheel Chain
Lemma 4.6.2. Let H be a internally 4-connected minor of a graph G. If G has no common
extension of H as a minor, but G has a wheel extension Q of H as a minor, then either:
(1) H is isomorphic to ADWn and Q is isomorphic to ADWn+1.
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(2) H is isomorphic to ADW+n and Q is isomorphic to ADW
+
n+1.
Proof.Suppose u1x1x2u2 is a path in H with x1 and x2 cubic in H. Assume that Q = H +
(u1, x1x2)+(u2, x1w) is a minor of G, where w is the vertex in H+(u1, x1x2) not in H. Note
that (u1, u2, x1, x2) is a cubic double wheel chain in H. Now let α = (u1, u2, v1, v2, . . . , vk) be a
maximal cubic double wheel chain inH with x1 = vi and x2 = vi+1 for some i = 1, 2, . . . , k−1.
Now if v1 is adjacent to vk in H, then k is even, otherwise v1 and vk are cubic and participate
in a triangle v1u1vkv1. But then either (1) or (2) holds with n = k + 2.
Thus we may assume NH(v1) = {v0, u1, v2}, where v0 is a vertex distinct from u1, v1,
v2, . . . , vk. Furthermore, v0 is distinct from u2, since if v0 = u2, then v1 is a cubic vertex
participating in a triangle v1u2v2v1. Now note that Q is isomorphic to H + (u1, v0v1) +
(u2, wv1), where w is the vertex of H + (u1, v0v1) not in H. Then Q has H + (u2, v0v1) as a
minor, so by Lemma 4.2.1.1, one of v0 or v1 is a cubic vertex adjacent to u2. But v1 is not
adjacent to u2, so v0 is a cubic vertex adjacent to u2, a contradiction to the maximality of
α.
We are now ready to prove the main result.
Proof of Theorem 4.1.2. Suppose G is an internally 4-connected graph with internally 4-
connected minor H such that |G| > |H|. Then by Lemma 4.1.3, G has a common, theta,
handcuff, ladder, or wheel extension of H as a minor. If G has a common, theta, or handcuff
extension of H as a minor, the proof is complete. If G has a ladder extension of H as a
minor, by Lemma 4.6.1, H is isomorphic to Ln or Mn and G has Ln+2 or Mn+2 as a minor,
respectively, which is not possible. If G has a wheel extension of H as a minor, by Lemma
4.6.2, H is isomorphic to ADWn or ADW
+
n and G has ADWn+1 or ADW
+
n+1 as a minor,
respectively, which is also not possible. 
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Chapter 5
A Minimum Internally 4-Connected
Excludable Set for Projective Graphs
The goal of this chapter is to prove a result similar to Hall’s result for 3-connected planar
graphs for internally 4-connected projective graphs. Though we are not able to determine
all internally 4-connected excludable sets, as we were able to do in the 3-connected case, we
are able to find one minimum excludable set.
5.1 Introduction
The main result of this chapter is:
Theorem 5.1.1. {E20, E22, F4, D′3, D′′3 , E ′′5 , F ′1} is a minimum internally 4-connected exclud-
able set for the class of projective graphs. The corresponding exception set consists of graphs
with A2, B7, C3, C4, D2, D17, D
a
























































F ′′g1 , F
′′h
1 , or G
′
1 as a spanning subgraph and graphs isomorphic to Q, Q
g, Qh, Qi, and Qu.
Note that the exception graphs from this theorem that are not in A′4 can be found in
Figures 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, and 5.8. Since the graphs in the exception set all have at
most 14 vertices, we have the following easy but useful consequence:
Corollary 5.1.2. An internally 4-connected graph G with |G| > 15 is projective if and only






5 , or F
′
1 as a minor.
If we further allow for Y∆-minors, we can reduce the list of necessary graphs to only
four:
Corollary 5.1.3. An internally 4-connected graph G with |G| > 15 is projective if and only




1 as a Y∆-minor.
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In Section 5.2, we use Theorem 4.1.2 to analyze the graphs not in the minimum excludable
set. In Section 5.3, we handle an exceptional case from the previous section, a graph we call
Q. In Section 5.4, we provide several infinite families of internally 4-connected non-projective
graphs and show that each contain only a few members of A′4 as a minor. Finally, in Section
5.5, we provide a short proof of Theorem 5.1.1 and Corollary 5.1.3.
5.2 Case Analysis
In this section, we analyze graphs in A′4−{E20, E22, F4, D′3, D′′3 , E ′′5 , F ′1} using Theorem 4.1.2.
We will make use of Theorem 4.1.2 implicitly in the proof of each of the following Lemmas,
by simply checking all of the common, theta, and handcuff extensions of each graph for
desired minors, without reference to the theorem. The minor-checking for this section was
done by computer as outlined in Section 1.7. A reader interested in verifying these facts can
find edge lists for each graph in this section in Appendix G and tables showing which edges
to delete and contract to find the desired minors in Appendix H. Note that some of the



















3 as a minor or has A2 as a spanning subgraph.
Proof. There are 7 vertex splits of A2 up to isomorphism, each of which has B7, D17, E18,
D′3, or E
′
3 as a minor. There are no edge splits, triad additions, quadrangular extensions,
cube extensions, theta extensions, or handcuff extensions of A2.
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1 as a minor or has B7 as a spanning subgraph.
Proof. There are 15 vertex splits and 4 edge splits of B7 up to isomorphism, each of which




1 as a minor. There are no triad additions, quadrangular
extensions, cube extensions, theta extensions, or handcuff extensions of B7.
Lemma 5.2.3. Any internally 4-connected graph with C3 as a minor either has D2, E18,




3 , or F
′
1 as a minor or has C3 as a spanning subgraph.
Proof. There are 17 vertex splits, 10 edge splits, and 3 triad additions of C3 up to isomor-




3 , or F
′
1 as a minor. There are no
quadrangular, cube, theta, or handcuff extensions of C3.
Lemma 5.2.4. Any internally 4-connected graph with C4 as a minor either has E22, D
′′
3 ,
F ′1, or G
′
1 as a minor or has C4 as a spanning subgraph.
Proof. There are 8 vertex splits, 4 edge splits, and 2 triad additions of C4 up to isomorphism,






1 as a minor. There are no quadrangular, cube, theta,
or handcuff extensions of C4.
Lemma 5.2.5. Any internally 4-connected graph with D2 as a minor either has E2, E18,
E20, E22, F4, D
′′
3 , or F
′′
1 as a minor or has D2 as a spanning subgraph.
Proof. There are 9 vertex splits, 11 edge splits, and 5 triad additions ofD2 up to isomorphism,
each of which has E2, E18, E20, E22, F4, D
′′
3 , or F
′′
1 as a minor. There are no quadrangular,
cube, theta, or handcuff extensions of D2.





5 as a minor or has D17 or D
a
17 (pictured in Figure 5.2) as a spanning subgraph.
Proof. There is one vertex split of D17 up to isomorphism which has E20 as a minor. There is
one edge split of D17 that is isomorphic to D
a












Figure 5.2: D17 Auxiliary Graph
extensions, cube extensions, theta extensions, or handcuff extensions of D17. There are 19
vertex splits, 18 edge splits, and 4 triad additions of Da17, each of which has E20, E22, F4,
D′3, or E
′′
5 as a minor. There are no quadrangular, cube, theta, or handcuff extensions of
Da17.
Lemma 5.2.7. Any internally 4-connected graph with E2 as a minor either has E18, E22,
F4, E
′′
5 , or Q as a minor or has E2 as a spanning subgraph.
Proof. There are 4 vertex splits, 4 edge splits, and 5 triad additions of E2 up to isomorphism,
each of which has E18, E22, F4, or E
′′
5 as a minor. There is 1 theta extension of E2, which is
isomorphic to Q. There are no quadrangular, cube, or handcuff extensions of E2.
Lemma 5.2.8. Any internally 4-connected graph with E18 as a minor either has a minor





















































































Figure 5.3: E18 Auxiliary Graphs
Proof. There are 1 vertex split, 1 edge split, and 1 triad addition of E18, each of which have
Ea18 or E22 as a minor. There are no quadrangular, cube, theta, or handcuff extensions of
E18. There are 5 vertex splits, 12 edge splits, and 7 triad additions of E
a
18, each of which have
a minor among L = {E22, F4, E ′′5 , F ′1, F ′′1 } or Eb18 or Ec18. There are no quadrangular, cube,
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theta, or handcuff extensions of Ea18. There are 6 vertex splits, 33 edge splits, and 17 triad
additions of Eb18, each of which have a minor among L or Ed18. There are no quadrangular,
cube, theta, or handcuff extensions of Eb18. There are 7 vertex splits, 26 edge splits, and
13 triad additions of Ec18, each of which have a minor among L, Ed18, or Ee18. There are no
quadrangular, cube, theta, or handcuff extensions of Ec18. There are 8 vertex splits, 73 edge
splits, and 37 triad additions of Ed18, each of which have a minor among L, or E
f
18. There
are no quadrangular, cube, theta, or handcuff extensions of Ed18. There are 2 vertex splits,
15 edge splits, and 10 triad additions of Ee18, each of which have a minor among L. There
are no quadrangular, cube, theta, or handcuff extensions of Ee18. There are 2 vertex splits,
27 edge splits, and 18 triad additions of Ef18, each of which have a minor among L. There
are 2 theta extensions of Ef18 and both have Q as a minor. There are no quadrangular, cube,
or handcuff extensions of Ef18.







3 as a minor or has B
′
1 as a spanning subgraph.
Proof. There are 17 vertex splits and 1 edge split of B′1 up to isomorphism, each of which








3 as a minor. There are no triad additions, quadrangular
extensions, cube extensions, theta extensions, or handcuff extensions of B′1.























83 9 5 6
B′′a1
Figure 5.4: B′′1 Auxiliary Graph
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Proof. There are 24 vertex splits, 6 edge splits, and 1 triad addition of B′′1 up to isomorphism,
each of which has a member of L = {E18, E20, E22, B′′′1 , D′3, D′′3 , E ′′3 , E ′5, F ′1} or B′′a1 as a
minor. There are no quadrangular, cube, theta, or handcuff extensions of B′′1 . There are 21
vertex splits, 15 edge splits, and 2 triad additions of B′′a1 , each of which has a member of L
as a minor. There are no quadrangular, cube, theta, or handcuff extensions of B′′a1 .





3 , or F
′








1 , or B
′′′d
1 (pictured in Figure





































Figure 5.5: B′′′1 Auxiliary Graphs
Proof. There are 20 vertex splits, 3 edge splits, and 1 triad addition of B′′′1 up to isomorphism,
each of which have a minor among L = {E18, E20, E22, F4, D′′3 , E ′′3 , F ′1} or B′′′a1 , B′′′b1 , or
B′′′c1 . There are no quadrangular, cube, theta, or handcuff extensions of B
′′′
1 . There are 38
vertex splits, 17 edge splits, and 4 triad additions of B′′′a1 , each of which has a minor among
L. There are no quadrangular, cube, theta, or handcuff extensions of B′′′a1 . There are 32
vertex splits, 16 edge splits, and 5 triad additions of B′′′b1 , each of which has a minor among
L. There are no quadrangular, cube, theta, or handcuff extensions of B′′′b1 . There are 28
vertex splits, 14 edge splits, and 4 triad additions of B′′′c1 , each of which has a minor among
L or B′′′d1 . There are no quadrangular, cube, theta, or handcuff extensions of B′′′c1 . There
are 4 vertex splits, 5 edge splits, and 2 triad additions of B′′′d1 , each of which has a minor
among L. There are no quadrangular, cube, theta, or handcuff extensions of B′′′d1 .





as a minor or has E ′3 as a spanning subgraph.
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Proof. There are 11 vertex splits, 3 edge splits, and 2 triad additions of E ′3 up to isomorphism,
each of which have either D′3 or E
′′
3 as a minor. There are no quadrangular, cube, theta, or
handcuff extensions of E ′3.









1 or has E
′′
3 as a spanning subgraph.
Proof. There are 12 vertex splits, 11 edge splits, and 6 triad additions of E ′′3 up to iso-










1 as a minor. There are no
quadrangular, cube, theta, or handcuff extensions of E ′′3 .
Lemma 5.2.14. Any internally 4-connected graph with E ′5 as a minor either has E22, F4,
D′3, E
′′
5 , or F
′








5 , or E
′d



















































Figure 5.6: E ′5 Auxiliary Graphs
Proof. There are 10 vertex splits, 10 edge splits, and 5 triad additions of E ′5, each of which has
a member of L = {E22, F4, D′3, E ′′5 , F ′1} or E ′a5 or E ′b5 as a minor. There are no quadrangular,
cube, theta, or handcuff extensions of E ′5. There are 8 vertex splits, 17 edge splits, and 10
triad additions of E ′a5 , each of which has a member of L or E ′c5 as a minor. There are no
quadrangular, cube, theta, or handcuff extensions of E ′a5 . There are 8 vertex splits, 19 edge
splits, and 10 triad additions of E ′b5 , each of which has a member of L or E ′c5 as a minor.
There are no quadrangular, cube, theta, or handcuff extensions of E ′b5 . There are 8 vertex
splits, 25 edge splits, and 18 triad additions of E ′c5 , each of which has a member of L or E ′d5
as a minor. There are no quadrangular, cube, theta, or handcuff extensions of E ′c5 . There
are 2 vertex splits, 9 edge splits, and 8 triad additions of E ′d5 , each of which has a member
of L as a minor. There are no quadrangular, cube, theta, or handcuff extensions of E ′d5 .
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Lemma 5.2.15. Any internally 4-connected graph with F ′′1 as a minor either has E22, F4,
E ′′5 , or F
′














1 , or F
′′h
1 (pictured in Figure









































































































Figure 5.7: F ′′1 Auxiliary Graphs
Proof. There are 2 vertex splits, 16 edge splits, 6 triad additions, and 1 theta extension of F ′′1 ,
each of which has a minor among L = {E22, F4, E ′′5 , F ′1} or F ′′a1 , F ′′b1 , or F ′′c1 . There are no
quadrangular, cube, or handcuff extensions of F ′′1 . There are 3 vertex splits, 38 edge splits,
20 triad additions, 9 theta extensions, and 1 handcuff extension of F ′′a1 , each of which has
a minor among L or F ′′d1 , F ′′e1 , F
′′f
1 , or F
′′g
1 . There are no quadrangular or cube extensions
of F ′′a1 . There are 9 vertex splits, 40 edge splits, 23 triad additions, and 1 theta extension
of F ′′b1 , all of which have minors among L and F
′′g
1 . There are no quadrangular, cube, or
handcuff extensions of F ′′b1 . There are 5 vertex splits, 39 edge splits, and 22 triad additions
of F ′′c1 , all of which have minors among L and F
′′f
1 . There are no quadrangular, cube, theta,
or handcuff extensions of F ′′c1 . There are 8 edge splits, 6 triad additions, 19 theta extensions,
and 4 handcuff extensions of F ′′d1 , all of which have minors among L. There are no vertex
splits, quadrangular extensions, or cube extensions of F ′′d1 . There are 7 edge splits, 6 triad
additions, 16 theta extensions, and 4 handcuff extensions of F ′′e1 , all of which have minors
among L. There are no vertex splits, quadrangular extensions, or cube extensions of F ′′e1 .
There are 3 vertex splits, 53 edge splits, 34 triad additions, and 1 theta extension of F ′′f1 , all
of which have minors among L. There are no quadrangular extensions, cube extensions, or
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handcuff extensions of F ′′f1 . There are 6 vertex splits, 55 edge splits, 33 triad additions, 11
theta extensions, and 1 handcuff extension of F ′′g1 , all of which have minors among L and
F ′′h1 . There are no quadrangular or cube extensions of F
′′g
1 . There are 6 vertex splits, 13
edge splits, 12 triad additions, 4 theta extensions, and 1 handcuff extension of F ′′h1 , all of
which have minors among L. There are no quadrangular or cube extensions of F ′′h1 .
Lemma 5.2.16. Any internally 4-connected graph with G′1 as a minor either has E20, E22,
F4, or F
′
1 as a minor or has G
′
1 as a spanning subgraph.
Proof. There is 1 vertex split, 7 edge splits, 4 triad additions, and 1 theta extension of
G′1 up to isomorphism, each of which has E20, E22, F4, or F
′
1 as a minor. There are no
quadrangular, cube, or handcuff extensions of G′1.
5.3 Handling Q
The graph Q is more complicated to analyze than the graphs in the previous section. Some
of the vertex splits of Q that do not have desired minors are also not internally 4-connected.
This means that Theorem 4.1.2 is not powerful enough to handle the analysis of Q. Fortu-
nately, there is a previous result we may use to handle the analysis. We need a few definitions
before we can state the result.
A graph G is almost 4-connected if G is 3-connected, and for any 3-separation (G1, G2)
of G, E(Gi) ≤ 4 for i = 1, 2. An edge e of an almost 4-connected graph is a violating edge if
both endpoints of e are adjacent to the same cubic vertex in G. A graph G is well-connected
if G is almost 4-connected and has at most one violating edge.
Let e = u1u2 be a violating edge in a graph H and v ∈ V (H) be a cubic vertex adjacent
to u1 and u2 in H. If x ∈ V (H) is not adjacent to u1 or u2, and {x, u1, u2} is not the
neighborhood of any cubic vertex in H, then H+ (x, e) is a special addition of H. If w is the
neighbor of v different from u1 and u2, then the graph G obtained from H by performing a
vertex split at w and adding an edge from w to the new vertex that is not adjacent to v in
such a way that both new vertices have degree at least four in G is a special split of H. Note
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that in order to perform a special split, the vertex w must have degree at least five in H.
The following theorem is a result of Johnson and Thomas [5] which is stated in their
paper without proof. We will make use of this theorem to analyze Q.
Theorem 5.3.1. Let H be an internally 4-connected minor of an internally 4-connected





n . Then there is a sequence of well-connected graphs J0, J1, . . . , Jk such
that J0 is isomorphic to H, Jk is isomorphic to G, and Ji is an edge addition, vertex split,
special addition, or special split of Ji−1 for i = 1, 2, . . . , k. Moreover, if e is an edge of both
Ji−1 and Ji, and is violating in Ji−1, then it is not violating in Ji.
Because Q has 28 edges and the graphs we want to find as minors have as few as 15 edges,
checking for minors even using the computer is difficult. We need to make use of some of
the properties of the graph Q to make checking for minors easier. One of the nice properties
of Q is that it has a universal vertex, which makes the following lemma very useful.
Lemma 5.3.2. If G and H are simple graphs and x is a universal vertex of G, then G has
H as a minor if and only G− x has H − y as a minor for some y ∈ V (H).
Proof. Suppose G has H as a minor. Since G has a universal vertex, G is connected, and
thus there are disjoint trees Tv ⊆ G for each v ∈ V (H) so that H is obtained by contracting
all edges in each Tv and deleting a set of edges E. Let Ty be the tree containing x. Then
deleting all vertices in Ty, contracting any edges in Tv for each v 6= y, and deleting E produces
H − y, and thus G− x has H − y as a minor.
Now suppose G − x has H − y as a minor for some y ∈ V (H). Then there are disjoint
trees Tv ⊆ G−x for each v ∈ V (H− y) so that H− y is obtained from G−x by contracting
all edges in each Tv, deleting a set of edges E, and deleting a set of vertices V . But then H
is obtained from G by deleting any edges incident with x that are not incident with Tv for
v ∈ NH(y), contracting all edges in each Tv for v ∈ V (H − y), and deleting E and V . Thus
G has H as a minor.
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The main result of this section is:
Lemma 5.3.3. Any internally 4-connected graph with Q as a minor has F4 or E
′′
5 as a

















































Qg Qh Qi Qu
Figure 5.8: Q Auxiliary Graphs
In order to prove this result, we analyze the special additions, special splits, edge ad-
ditions, and vertex splits of Q, and auxiliary graphs Qa–Qv in Lemmas 5.3.4–5.3.13 that
follow. All the analysis here is done by hand other than the edge additions and vertex splits
of Q and the vertex splits of Qg and Qh. For these graphs, a computer was used to find
desired minors and the edge lists for these graphs can be found in Appendix G and tables
for finding the desired minors are found in Appendix H.
First we state a few more definitions that will be used in these lemmas. An {i, j}-split
of a graph G at vertex v is a graph obtained from G by performing a vertex split at vertex
v in such a way that the two new vertices are adjacent to i neighbors of vertex v and j
neighbors of vertex v in G, respectively. An {i, j, k}-split of a graph G at vertex v is a graph
obtained from G by performing one vertex split at v, then another vertex split at one of the
new vertices in such a way that the three new vertices are adjacent to i neighbors of v, j
neighbors of v, and k neighbors of v in G, respectively. A (i, j, k)-split of a graph G at vertex
v is a {i, j, k}-split of G at vertex v so that the new vertex with adjacent to j neighbors of
v is adjacent to both new vertex adjacent to i neighbors of v and the vertex adjacent to k
neighbors of v.
Lemma 5.3.4. Any edge addition of Q has F4 or E
′′
5 as a minor, and the only vertex splits
of Q without F4 or E
′′
5 as a minor are among Q
a, Qb, Qc, Qd, Qe, Qf , Qg, or Qh shown in
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Figure 5.9. Furthermore, the only vertex splits of Q at vertex 12 with no F4 or E
′′
5 minor
































































































Qe Qf Qg Qh
Figure 5.9: Q Auxiliary Graphs
Proof. Vertex 12 is a universal vertex in Q, so by Lemma 5.3.2, Q+ e has a minor A if and
only if Q+ e− 12 has A− v as a minor for some v ∈ V (A). For any e ∈ E(Q), we have that
Q+ e− 12 has either F4 − 3 or E ′′5 − 7 as a minor, and thus any edge addition of Q has F4














There are 44 vertex splits of Q′, 34 of which have either E ′′5 or F4 as a minor. There are
269 vertex splits of Q, each of which has a minor among F4, E
′′
5 , or the 34 vertex splits of
Q′ that have E ′′5 or F4 as a minor, or is isomorphic to Q
a, Qb, Qc, Qd, Qe, Qf , Qg, or Qh.
Of these, only Qe, Qf , Qg, and Qh are vertex splits at vertex 12.
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Lemma 5.3.5. All graphs obtained from Qd as a special addition, special split, or edge
addition in such a way that the violating edge is no longer violating have F4 or E
′′
5 as a
minor. The only graph obtained from Qd as a vertex split in such a way that the violating
edge is no longer violating has F4 or E
′′















Proof. A special addition of Qd is of the form Qd+(v, {3, 5}) where v is a vertex not adjacent
to either vertex 3 or vertex 5 in Qd. But then Qd + (v, {3, 5}) has (Qd + {v, 3})/{4, 13} as a
minor, which is an edge addition of Q. All edge additions of Q have minors among E ′′5 and
F4 by Lemma 5.3.4, thus any special addition of Q
d has either E ′′5 or F4 as a minor.
Since vertex 4 has degree four in Qd, there are no special splits of Qd.
Since an edge addition of Qd must be performed in such a way that the edge {3, 5} is no
longer violating, any edge addition of Qd is of the form Q+ {v, 13}. If v is different from 9,
10, or 12, then (Qd + {v, 13})/{4, 13} is an edge addition of Q, which has a minor among F4
and E ′′5 . Q
d + {12, 13} is isomorphic to Qi. If Qd + {9, 13} and Qd + {10, 13} are isomorphic
and have F4 as a minor. Specifically, (Q
d + {9, 13})\{{1, 2}, {2, 12}, {3, 5}, {3, 12}, {4, 9},
{6, 8}, {7, 12}, {9, 12}, {10, 12}, {11, 12}}/{{2, 3}, {2, 11}, {5, 6}} = F4.
Any vertex split performed in such a way that the edge {3, 5} is no longer violating must
be performed at vertex 3 or vertex 5. A vertex split performed at vertex 5 is isomorphic
to some vertex split performed at vertex 3. Since vertex 3 has degree four, there are three
possible vertex splits at vertex 3: Qd + (3 → {2, 5}), Qd + (3 → {2, 12}), and Qd + (3 →
{2, 13}). The graph (Qd + (3 → {2, 5}))/{4, 13} is isomorphic to QVS7 which has F4 as a
minor, edge {3, 5} is still violating in Qd + (3→ {2, 12}), and (Qd + (3→ {2, 13}))/{4, 13}
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is isomorphic to QVS6, which as E ′′5 as a minor. Thus if J1 = Q
d, the only possibility for J2
that does not have E ′′5 or F4 are a minor is Q
i.
Lemma 5.3.6. All graphs obtained from Qe as a special addition, special split, edge addition,




Proof. A special addition of Qe is of the form Qe+(v, {1, 7}) where v is a vertex not adjacent
to either vertex 1 or vertex 7 in Qe. But then Qe + (v, {1, 7}) has (Qe + {1, v})/{12, 13} as a
minor, which is an edge addition of Q. All edge additions of Q have minors among E ′′5 and
F4 by Lemma 5.3.4, thus any special addition of Q
e has either E ′′5 or F4 as a minor.
Any special split of Qe consists of performing a vertex split at vertex 12, labeling the
new vertex 14, in such a way that the new vertices have degree at least 3, obtaining either
a {2, 2, 7}- {2, 3, 6}-, or {2, 4, 5}-split of Q at vertex 12, and then adding and edge from
vertex 13 to the new vertex not adjacent to 13. But then by contracting either {12, 13}
or {13, 14}, and deleting a parallel edge, we can obtain either a {3, 8}-split (in the case we
had a {2, 3, 6}-split) or a {4, 7}-split (in the case we had a {2, 2, 7}- or {2, 4, 5}-split) of Q
at vertex 12. But any {3, 8}- or {4, 7}-split of Q at vertex 12 has F4 or E ′′5 as a minor by
Lemma 5.3.4.
Since an edge addition of Qe must be performed in such a way that the edge {1, 7} is
no longer violating, any edge addition of Qe is of the form Qe + {v, 13}. But then (Qe +
{v, 13})\{v, 12} is a {3, 8}-split of Q at vertex 12, which has F4 or E ′′5 as a minor.
Any vertex split performed in such a way that the edge {1, 7} is no longer violating must
be performed at vertex 1 or vertex 7. Any vertex split performed at vertex 7 is isomorphic
to some vertex split performed at vertex 1. Since vertex 1 has degree four, there are three
possible vertex splits at vertex 1: Qe + (1 → {2, 7}), Qe + (1 → {2, 11}), and Qe + (1 →
{2, 12}). The graph (Qe + (1 → {2, 7}))/{12, 13} is isomorphic to QVS1 which has F4 as a
minor, edge {1, 7} is still violating in Qe + (1→ {2, 11}), and (Qe + (1→ {2, 13}))/{12, 13}
is isomorphic to QVS1, which has F4 as a minor.
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Lemma 5.3.7. All graphs obtained from Qf as a special addition, special split, edge addition,




Proof. A special addition of Qf is of the form Qf +(v, {2, 3}) where v is a vertex not adjacent
to either vertex 2 or vertex 3 in Qf . But then Qf + (v, {2, 3}) has (Qf + {v, 2})/{12, 13} as
a minor, which is an edge addition of Q. All edge additions of Q have minors among E ′′5 and
F4 by Lemma 5.3.4, thus any special addition of Q
f has either E ′′5 or F4 as a minor.
Any special split of Qf consists of performing a vertex split at vertex 12, labeling the
new vertex 14, in such a way that the new vertices have degree at least 3, obtaining either
a {2, 2, 7}- {2, 3, 6}-, or {2, 4, 5}-split of Q at vertex 12, and then adding and edge from
vertex 13 to the new vertex not adjacent to 13. But then by contracting either {12, 13}
or {13, 14}, and deleting a parallel edge, we can obtain either a {3, 8}-split (in the case we
had a {2, 3, 6}-split) or a {4, 7}-split (in the case we had a {2, 2, 7}- or {2, 4, 5}-split)of Q
at vertex 12. But any {3, 8}- or {4, 7}-split of Q at vertex 12 has F4 or E ′′5 as a minor by
Lemma 5.3.4.
Since an edge addition of Qf must be performed in such a way that the edge {2, 3}
is no longer violating, any edge addition of Qf is of the form Qf + {v, 13}. But then
(Qf + {v, 13})\{v, 12} is a (3, 8)-split of Q at vertex 12, which has F4 or E ′′5 as a minor.
Any vertex split performed in such a way that the edge {2, 3} is no longer violating must
be performed at vertex 2 or vertex 3. Since vertex 2 has degree four, there are three possible
vertex splits at vertex 2: Qf + (2 → {1, 3}), Qf + (2 → {1, 11}), and Qf + (2 → {1, 13}).
The graph (Qf +(2→ {1, 3}))/{12, 13} is isomorphic to QVS3 which has F4 as a minor, edge
{2, 3} is still violating in Qf +(2→ {1, 11}), and (Qf +(2→ {1, 13}))/{12, 13} is isomorphic
to QVS5, which as F4 as a minor. Since vertex 3 has degree four, there are three possible
vertex splits at vertex 3: Qf + (3 → {2, 4}), Qf + (3 → {2, 5}), and Qf + (3 → {2, 13}).
The graph (Qf + (3 → {2, 4}))/{12, 13} is isomorphic to QVS6 which has E ′′5 as a minor,
(Qf + (3→ {2, 5}))/{12, 13} is isomorphic to QVS7, which as F4 as a minor, and edge {2, 3}
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is still violating in Qf + (3→ {2, 13}).
Lemma 5.3.8. All graphs with at most one violating edge obtained from Qg by edge addition
or vertex split have F4 or E
′′
5 as a minor, or are isomorphic to Q
j, Qk, Ql, Qm, Qn, or Qo















































































Figure 5.12: Qg Auxiliary Graphs
Proof. Consider an edge addition Qg + {u, v} where u and v are not vertex 12 or 13. Then
(Qg + {u, v})/{12, 13} is an edge addition of Q, all of which have minors among F4 and E ′′5 .
An edge addition Qg + {u, 12} has (Qg + {u, 12})\{u, 13} as a minor, which is a {4, 7}-split
of Q at vertex 12, which must have F4 or E
′′
5 as a minor. An edge addition Q
g + {u, 13} has
(Qg + {u, 13})\{u, 12} as a minor, which is a {5, 6}-split of Q at vertex 12 so that vertex 12
has 5 neighbors among vertices 1–11, but is not adjacent to vertex 4. But since in Qg and
Qh, the vertex with 5 neighbors among vertices 1–11 is adjacent to vertex 4, the {5, 6}-split
is not isomorphic to Qg, or Qh and thus it must have F4 or E
′′
5 as a minor.
Splitting vertex 12 in Qg produces either a (5, 1, 5)-, (5, 2, 4)-, (5, 3, 3)-, or (5, 4, 2)-split of
Q at vertex 12. We can contract an edge in the (5, 1, 5)-split to obtain a {5, 6}-split of Q at
vertex 12 that is isomorphic to (Qg + {u, 13})\{u, 12} for some u, and thus is different from
Qg and Qh and has a minor among F4 or E
′′
5 . We can contract an edge in the (5, 2, 4)- and
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(5, 3, 3)-split to obtain a {7, 4}- or {8, 3}-split of Q at vertex 12, which has a minor among
F4 or E
′′
5 . In a (5, 4, 2)-split, if the vertex with 2 neighbors among vertices 1–11 is adjacent
to both 5 and 6 or both 10 and 11 we have Qj, and if it is adjacent to both 8 and 9 we have
Qk, otherwise we can contract an edge to produce a {2, 9}-split of Q at vertex 12 different
from Qe and Qf , which thus has E ′′5 or F4 as a minor.
Splitting vertex 13 in Qg produces either a (4, 1, 6)-, (3, 2, 6)-, or (2, 3, 6)-split of Q at
vertex 12. We can contract an edge in the (4, 1, 6)- and (3, 2, 6)-split to obtain a {4, 7}- or
{3, 8}-split of Q at vertex 12, which has a minor among F4 or E ′′5 . In a (2, 3, 6)-split, if the
vertex with 2 neighbors among vertices 1–11 is adjacent to both 1 and 7, we have Ql, and if
it is adjacent to both 2 and 3 we have Qm, otherwise we can contract an edge to produce a
{2, 9}-split of Q at vertex 12 different from Qe and Qf , which thus has E ′′5 or F4 as a minor.
There are 40 ways to split a vertex among 1–11 in Qg, each of which either has more
than one violating edge, has a vertex split of Q as a minor that has a minor among F4 or
E ′′5 , or is isomorphic to Q
n or Qo.
Lemma 5.3.9. All graphs with at most one violating edge obtained from Qh by edge addition
or vertex split have F4 or E
′′
5 as a minor, or are isomorphic to Q
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Figure 5.13: Qh Auxiliary Graphs
Proof. Consider an edge addition Qh + {u, v} where u and v are not vertex 12 or 13. Then
(Qh + {u, v})/{12, 13} is an edge addition of Q, all of which have minors among F4 and E ′′5 .
An edge addition Qh + {u, 12} has (Qh + {u, 12})\{u, 13} as a minor, which is a {4, 7}-split
of Q at vertex 12, which must have F4 or E
′′
5 as a minor. An edge addition Q
h + {u, 13} has
(Qh + {u, 13})\{u, 12} as a minor, which is a {5, 6}-split of Q at vertex 12 so that vertex 12
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has 5 neighbors among vertices 1–11, but is not adjacent to vertex 4. But since in Qg and
Qh, the vertex with 5 neighbors among vertices 1–11 is adjacent to vertex 4, the {5, 6}-split
is not isomorphic to Qg, or Qh and thus it must have F4 or E
′′
5 as a minor.
Splitting vertex 12 in Qh produces either a (5, 1, 5)-, (5, 2, 4)-, (5, 3, 3)-, or (5, 4, 2)-split of
Q at vertex 12. We can contract an edge in the (5, 1, 5)-split to obtain a {5, 6}-split of Q at
vertex 12 that is isomorphic to (Qh + {u, 13})\{u, 12} for some u, and thus is different from
Qg and Qh and has a minor among F4 or E
′′
5 . We can contract an edge in the (5, 2, 4)- and
(5, 3, 3)-split to obtain a {7, 4}- or {8, 3}-split of Q at vertex 12, which has a minor among
F4 or E
′′
5 . In a (5, 4, 2)-split, if the vertex with 2 neighbors among vertices 1–11 is adjacent
to both 1 and 7 we have Qp, and if it is adjacent to both 5 and 6 or 10 and 11 we have Qq,
otherwise we can contract an edge to produce a {2, 9}-split of Q at vertex 12 different from
Qe and Qf , which thus has E ′′5 or F4 as a minor.
Splitting vertex 13 in Qh produces either a (4, 1, 6)-, (3, 2, 6)-, or (2, 3, 6)-split of Q at
vertex 12. We can contract an edge in the (4, 1, 6)- and (3, 2, 6)-split to obtain a {4, 7}- or
{3, 8}-split of Q at vertex 12, which has a minor among F4 or E ′′5 . In a (2, 3, 6)-split, if the
vertex with 2 neighbors among vertices 1–11 is adjacent to both 2 and 3 or 8 and 9, we have
Qr, otherwise we can contract an edge to produce a {2, 9}-split of Q at vertex 12 different
from Qe and Qf , which thus has E ′′5 or F4 as a minor.
There are 21 ways to split a vertex among 1–11 in Qh, each of which either has more
than one violating edge, has a vertex split of Q as a minor that has a minor among F4 or
E ′′5 , or is isomorphic to Q
s.
Lemma 5.3.10. All edge additions and vertex splits of Qi either have F4 or E
′′
5 as a minor,
or are isomorphic to Qt or Qu.
Proof. Consider an edge addition Qi + {x, y} of Qi. Let {u, v} be a pair of vertices among
{{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11}} so that u and v are different from x and y.





























Figure 5.14: Qi Auxiliary Graphs
There are two vertex splits of Qi at vertices 1–11 up to isomorphism: Qi + (1→ {2, 7}),
which by deleting {12, 13} and contracting {4, 13} has QVS1 as a minor, which has F4 as a
minor, and Qi + (1→ {2, 11}), which has two violating edges.
All vertex splits of Qi at vertex 12 are either {2, 10}-, {3, 9}-, {4, 8}-, {5, 7}-, or {6, 6}-
splits. Consider a {2, 10}-split of Qi, H = Qi + (12 → {u, v}). If {u, v} ∈ {{1, 7}, {2, 3},
{4, 13}, {5, 6}, {8, 9}, {10, 11}}, then H is isomorphic to Qt. Otherwise, let {x, y} ∈ {{1, 7},
{2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11}} so that x and y are different from u and v. Then
H\{x, 14}/{x, y} is isomorphic to a {2, 9}-split of Q at vertex 12 different from Qe and
Qf , and thus has F4 or E
′′
5 as a minor by Lemma 5.3.4. Consider a {3, 9}-split of Qi,
H = Qi + (12 → {u, v, w}). Let {x, y} ∈ {{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11}} so
that x and y are different from u, v, and w. Then H\{x, 14}/{x, y} is a {3, 8}-split of Q at
vertex 12 and thus has F4 or E
′′
5 as a minor by Lemma 5.3.4. Consider a {4, 8}-split of Qi,
H = Qi + (12 → {t, u, v, w}). Let {x, y} ∈ {{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11}}
so that x and y are different from t, u, v, and w. Then H\{x, 14}/{x, y} is a {4, 7}-split
of Q at vertex 12 and thus has F4 or E
′′
5 as a minor by Lemma 5.3.4. Consider a {5, 7}-
split of Qi, H = Qi + (12 → {s, t, u, v, w}). {x, y} ∈ {{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9},
{10, 11}} so that x and y are different from s, t, u, v, and w. Then H\{x, 14}/{x, y} is a
{5, 6}-split of Q at vertex 12 different from Qg and Qh, and thus has F4 or E ′′5 as a minor by
Lemma 5.3.4. Consider a {6, 6}-split of Qi, H = Qi + (12→ {r, s, t, u, v, w}). If three pairs
of vertices in {r, s, t, u, v, w} are in {{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11}}, then H is
isomorphic to Qu. Otherwise, let {x, y} ∈ {{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11}}, so
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that x ∈ {r, s, t, u, v, w} and y 6∈ {r, s, t, u, v, w}. Then H\{x, 14}/{x, y} is a {5, 6}-split
of Q at vertex 12 different from Qg and Qh, and thus has F4 or E
′′
5 as a minor by Lemma
5.3.4.
Lemma 5.3.11. All special additions, special splits, edge additions and vertex splits of Qj,
Qk, Ql, Qm, Qp, Qq, Qr, and Qt so that the violating edge is no longer violating have F4 or
E ′′5 as a minor. All special additions, special splits, edge additions and vertex splits of Q
n,
Qo, and Qs so that the violating edge is no longer violating have F4 or E
′′
5 as a minor or are
isomorphic to Qu.
Proof. All special additions, special splits, edge additions and vertex splits of Qj so that
the violating edge is no longer violating have a special addition, special split, edge ad-
dition, or vertex split of Qf as a minor by contracting {12, 13} except for the special
addition Qj + (13, {5, 6}) and the edge addition Qj + {13, 14}. Thus by Lemma 5.3.7,
all of them other than Qj + (13, {5, 6}) and Qj + {13, 14} have F4 or E ′′5 as a minor.
But (Qj + (13, {5, 6}))\{5, 14}/{{5, 15}, {12, 14}} is a {5, 6}-split of Q at vertex 12 dif-
ferent from Qg and Qh, and thus it has F4 or E
′′
5 as a minor by Lemma 5.3.4. Also,
(Qj + {13, 14})\{12, 13}/{13, 14} is a {4, 7}-split of Q at vertex 12, and thus it has F4
or E ′′5 as a minor by Lemma 5.3.4.
All special additions, special splits, edge additions and vertex splits of Qk so that
the violating edge is no longer violating have a special addition, special split, edge ad-
dition, or vertex split of Qf as a minor by contracting {12, 13} except for the special
addition Qk + (13, {8, 9}) and the edge addition Qk + {13, 14}. Thus by Lemma 5.3.7,
all of them other than Qk + (13, {8, 9}) and Qk + {13, 14} have F4 or E ′′5 as a minor.
But (Qj + (13, {8, 9}))\{8, 14}/{{8, 15}, {12, 14}} is a {5, 6}-split of Q at vertex 12 dif-
ferent from Qg and Qh, and thus it has F4 or E
′′
5 as a minor by Lemma 5.3.4. Also,
(Qk + {13, 14})\{12, 13}/{13, 14} is a {4, 7}-split of Q at vertex 12, and thus it has F4
or E ′′5 as a minor by Lemma 5.3.4.
All special additions, special splits, edge additions and vertex splits of Ql so that the
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violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qe as a minor by contracting {12, 13} except for the special addition
Ql + (12, {1, 7}) and the edge addition Ql + {12, 14}. Thus by Lemma 5.3.6, all of them
other than Ql + (12, {1, 7}) and Ql + {12, 14} have F4 or E ′′5 as a minor. But (Ql +
(12, {1, 7}))\{1, 14}/{{1, 15}, {13, 14}} is a {4, 7}-split of Q at vertex 12, and thus it has
F4 or E
′′
5 as a minor by Lemma 5.3.4. Also, (Q
l +{12, 14})\{12, 13}/{12, 14} is a {3, 8}-split
of Q at vertex 12, and thus it has F4 or E
′′
5 as a minor by Lemma 5.3.4.
All special additions, special splits, edge additions and vertex splits of Qm so that the
violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qf as a minor by contracting {12, 13} except for the special addition
Qm + (12, {2, 3}) and the edge addition Qm + {12, 14}. Thus by Lemma 5.3.7, all of them
other than Qm + (12, {2, 3}) and Qm + {12, 14} have F4 or E ′′5 as a minor. But Qm +
(12, {2, 3})\{2, 14}/{{2, 15}, {13, 14}} is a {4, 7}-split of Q at vertex 12, and thus it has F4
or E ′′5 as a minor by Lemma 5.3.4. Also, (Q
m + {12, 14})\{12, 13}/{12, 14} is a {3, 8}-split
of Q at vertex 12, and thus it has F4 or E
′′
5 as a minor by Lemma 5.3.4.
All special additions, special splits, edge additions and vertex splits of Qp so that the
violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qe as a minor by contracting {12, 13} except for the special addition
Qp + (13, {1, 7}) and the edge addition Qp + {13, 14}. Thus by Lemma 5.3.6, all of them
other than Qp + (13, {1, 7}) and Qp + {13, 14} have F4 or E ′′5 as a minor. But (Qp +
(13, {1, 7}))\{1, 14}/{{1, 15}, {12, 14}} is a {5, 6}-split of Q at vertex 12 different from Qg
and Qh, and thus it has F4 or E
′′
5 as a minor by Lemma 5.3.4. Also, (Q
p+{13, 14})\ {12, 13}/
{13, 14} is a {4, 7}-split of Q at vertex 12, and thus it has F4 or E ′′5 as a minor by Lemma
5.3.4.
All special additions, special splits, edge additions and vertex splits of Qq so that the
violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qf as a minor by contracting {12, 13} except for the special addition
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Qq + (13, {5, 6}) and the edge addition Qq + {13, 14}. Thus by Lemma 5.3.7, all of them
other than Qq + (13, {5, 6}) and Qq + {13, 14} have F4 or E ′′5 as a minor. But (Qq +
(13, {5, 6}))\{5, 14}/{{5, 15}, {12, 14}} is a {5, 6}-split of Q at vertex 12 different from Qg
and Qh, and thus it has F4 or E
′′
5 as a minor by Lemma 5.3.4. Also, (Q
q+{13, 14})\ {12, 13}/
{13, 14} is a {4, 7}-split of Q at vertex 12, and thus it has F4 or E ′′5 as a minor by Lemma
5.3.4.
All special additions, special splits, edge additions and vertex splits of Qr so that the
violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qf as a minor by contracting {12, 13} except for the special addition
Qr + (12, {2, 3}) and the edge addition Qr + {12, 14}. Thus by Lemma 5.3.7, all of them
other than Qr + (12, {2, 3}) and Qr + {12, 14} have F4 or E ′′5 as a minor. But Qr +
(12, {2, 3})\{2, 14}/{{2, 15}, {13, 14}} is a {4, 7}-split of Q at vertex 12, and thus it has
F4 or E
′′
5 as a minor by Lemma 5.3.4. Also, (Q
r +{12, 14})\{12, 13}/{12, 14} is a {3, 8}-split
of Q at vertex 12, and thus it has F4 or E
′′
5 as a minor by Lemma 5.3.4.
All special additions, edge additions and vertex splits of Qt so that the violating edge is
no longer violating have a special addition, edge addition, or vertex split of Qe as a minor
by deleting {12, 13} and contracting {4, 13}. Thus by Lemma 5.3.6, all of them have F4 or
E ′′5 as a minor. A special split of Q
t consists of first splitting at vertex 12 so that the new
vertex adjacent to 12 has degree at least 4, and the other vertex has degree at least 3, and
then adding an edge from vertex 12 to the new vertex not already adjacent to vertex 12. But
then deleting {12, 13} and contracting {4, 13} in this special split produces either a (2, 1, 8)-,
(2, 2, 7)-, (2, 3, 6)-, or (2, 4, 5)-split of Q at vertex 12 together with an extra edge between
the two vertices different from 1–11 that were not adjacent in the split. But by contracting
one of the edges among vertices 12–14 in these graphs and deleting an edge in parallel, we
can produce a {3, 8}-split (in case we had a (2, 1, 8)- or (2, 3, 6)-split) or a {4, 7}-split (in
case we had a (2, 2, 7)- or (2, 4, 5)-split) of Q at vertex 12. So by Lemma 5.3.3, any special
split of Qt has F4 or E
′′
5 as a minor.
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All special additions, special splits, edge additions and vertex splits of Qn so that the
violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qd as a minor that has F4 or E
′′
5 as a minor (by Lemma 5.3.5) by
contracting {12, 13} except for the edge additions Qn + {12, 14} and Qn + {13, 14}. But
(Qn + {12, 14})\{4, 13}/{4, 14} is a {4, 7}-split of Q at vertex 12, and thus it has F4 or E ′′5
as a minor by Lemma 5.3.4, and Qn + {13, 14} is isomorphic to Qu.
All special additions, special splits, edge additions and vertex splits of Qo so that the
violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qd as a minor that has F4 or E
′′
5 as a minor (by Lemma 5.3.5) by
contracting {12, 13} except for the edge additions Qo + {4, 12} and Qo + {4, 13}. But
(Qo + {4, 12})\{13, 14}/{4, 14} is a {4, 7}-split of Q at vertex 12, and thus it has F4 or
E ′′5 as a minor by Lemma 5.3.4, and Q
o + {4, 13} is isomorphic to Qu.
All special additions, special splits, edge additions and vertex splits of Qs so that the
violating edge is no longer violating have a special addition, special split, edge addition,
or vertex split of Qd as a minor that has F4 or E
′′
5 as a minor (by Lemma 5.3.5) by
contracting {12, 13} except for the edge additions Qs + {12, 14} and Qs + {13, 14}. But
(Qs + {12, 14})\{4, 13}/{4, 14} is a {4, 7}-split of Q at vertex 12, and thus it has F4 or E ′′5
as a minor by Lemma 5.3.4, and Qs + {13, 14} is isomorphic to Qu.
Lemma 5.3.12. All graphs with at most one violating edge obtained from Qu by edge addition
or vertex split have F4 or E
′′
5 as a minor, other than Q















Proof. Consider an edge addition Qu+{x, y} of Qu. Suppose x and y are not vertex 12 or 14,
and let {u, v} be a pair of vertices among {{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11} so that
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u and v are different from x and y. Then the simplification of (Qu+{x, y})/{{12, 14}, {u, v}}
is an edge addition of Q, which has F4 or E
′′
5 as a minor by Lemma 5.3.4. Suppose x is
vertex 12 or 14, and let {y, z} ∈ {{1, 7}, {2, 3}, {4, 13}, {5, 6}, {8, 9}, {10, 11}. Then (Qu +
{x, y})\{{x, y}, {x, z}}/{y, z} is a {4, 7}-split of Q at vertex 12 which has F4 or E ′′5 as a
minor by Lemma 5.3.4.
There are two vertex splits of Qu at vertices 1–11, and 13 up to isomorphism: Qu + (1→
{2, 7}), which by contracting {4, 13} and {12, 14} and simplifying has QVS1 as a minor, which
has F4 as a minor, and Q
u + (1→ {2, 11}), which has two violating edges.
All vertex splits of Qu at vertex 14 are isomorphic to a vertex split at vertex 12. Now
consider a vertex split H of Qu at vertex 12 so that the new vertex, labeled 15, is adjacent
to 13. If vertex 15 has degree 4 or 5 in H, then the simplification of H/{{4, 13}, {14, 15}} is
a {4, 7}- or {3, 8}-split of Q at vertex 12, which has F4 or E ′′5 as a minor by Lemma 5.3.4. If
vertex 15 has degree 3 in H, then the simplification of H/{{4, 13}, {14, 15}} is a {5, 6}-split
of Q at vertex 12 different from Qg and Qh, which has F4 or E
′′
5 as a minor by Lemma
5.3.4. If vertex 15 has degree 6 in H, then if the neighbors of vertex 12 in H different from
vertex 15 are x and y so that {x, y} 6∈ {{5, 6}, {8, 9}, {10, 11}}, then the simplification of
H/{{4, 13}, {14, 15}} is a {2, 9}-split of Q at vertex 12 different from Qe and Qf , which has
F4 or E
′′
5 as a minor by Lemma 5.3.4. If vertex 15 has degree 6 in H, and the neighbors of
vertex 12 in H different from vertex 15 are x and y so that {x, y} ∈ {{5, 6}, {8, 9}, {10, 11}},
then H is isomorphic to Qv.
Lemma 5.3.13. All special additions, special splits, edge additions or vertex splits of Qv so
that the violating edge is no longer violating have F4 or E
′′
5 as a minor.
Proof. Any special addition, special split, edge addition or vertex split of Qv has a special
addition, special split, edge addition, or vertex split of Qj as a minor by deleting {4, 14} and
contracting {4, 13}, so by Lemma 5.3.11, they each have F4 or E ′′5 as a minor.
We are now ready to prove the main result of this section:




that has Q as a minor. By Theorem 5.3.1, there is a sequence of well-connected graphs
J0 = Q, J1, J2, . . . , Jk = G so that Ji is obtained from Ji−1 by special addition, special split,
edge addition, or vertex split in such a way that an edge violating in Ji is no longer violating
in Ji−1 for i = 1, 2, . . . , k. By Lemma 5.3.4, since Q
a, Qb, and Qc are not well-connected,
we know J1 ∈ {Qd, Qe, Qf , Qg, Qh}. If J1 = Qd, then J2 = Qi by Lemma 5.3.5. By Lemmas
5.3.6 and 5.3.7, J1 cannot be Q
e or Qf . If J1 ∈ {Qg, Qh} and G 6= Qg and G 6= Qh, then
J2 ∈ {Qj, Qk, Ql, Qm, Qn, Qo, Qp, Qq, Qr, Qs}. Now if J2 = Qi and G 6= Qi, then by
Lemma 5.3.10, J3 ∈ {Qt, Qu}. By Lemma 5.3.11, J2 6∈ {Qj, Qk, Ql, Qm, Qp, Qq, Qr}, and
if J2 ∈ {Qn, Qo, Qs}, then J3 = Qu. By Lemma 5.3.11, J3 6= Qt. If J3 = Qu but G 6= Qu,
then by Lemma 5.3.12, J4 = Q
v. But by Lemma 5.3.13, J4 6= Qv. Thus the only internally
4-connected graphs with Q as a minor that do not have F4 or E
′′
5 as a minor are among Q,
Qg, Qh, Qi, and Qu. 
5.4 Infinite Families
In this section, we provide several infinite families of internally 4-connected non-projective
graphs that contain only a few members of A′4 as a minor. These will be used to show that
the excludable set in Theorem 5.1.1 is in fact minimum.
Lemma 5.4.1. There is an infinite family of internally 4-connected non-projective graphs








Figure 5.16: An infinite family of graphs F1 for F4
Proof. Consider the infinite family of graphs F1 shown in Figure 5.16. Note that F4 is a
minor of each graph in F1. Contracting or deleting any edge incident to vertex 1, 2, 7, or 8
in F1 produces a projective graph. Embeddings of these graphs in the projective plane can
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be found in Appendix I. Note that only the first listed deletion or contraction is shown, and
the others are isomorphic to it. Thus any non-projective minor A of a graph in F1 has the
graph induced by edges incident to vertices 1, 2, 4, or 7 as a subgraph, where vertices 1, 2,
4, and 7 have degree 3 in A. Of the graphs in A′4, only F4 has such a subgraph.
Lemma 5.4.2. There is an infinite family of internally 4-connected non-projective graphs







Figure 5.17: An infinite family of graphs F2 for D′3
Proof. Consider the infinite family of graphs F2 shown in Figure 5.17. Note that D′3 is a
minor of each graph in F2. Contracting or deleting any edge incident to vertex 1, 4, or 7 in
F2 produces a projective graph. Embeddings of these graphs in the projective plane can be
found in Appendix I. Note that only the first listed deletion or contraction is shown, and
the others are isomorphic to it. Thus any non-projective minor A of a graph in F2 has the
graph induced by edges incident to vertices 1, 4, and 7 as a subgraph, where vertices 1 and
7 have degree 5 and vertex 4 has degree 4 in A. Of the graphs in A′4, only D′3 has such a
subgraph.
Lemma 5.4.3. There is an infinite family of internally 4-connected non-projective graphs
F3 containing F ′1 as a minor and no other graph from A′4 as a minor.
Proof. Consider the infinite family of graphs F3 shown in Figure 5.17. Note that F ′1 is a
minor of each graph in F3. Contracting or deleting any edge incident to vertex 1, 2, 7, or 8
in F3 produces a projective graph. Embeddings of these graphs in the projective plane can
be found in Appendix I. Note that only the first listed deletion or contraction is shown, and










Figure 5.18: An infinite family of graphs F3 for F ′1
graph induced by edges incident to vertices 1, 2, 7, and 8 as a subgraph, where vertices 1
and 7 have degree 3 and vertices 2 and 8 have degree 4 in A. Of the graphs in A′4, only F ′1
has such a subgraph.
Lemma 5.4.4. There is an infinite family of internally 4-connected non-projective graphs
F4 containing E22 as a minor and no other graph in A′4 as a minor. There is an infinite
family of internally 4-connected non-projective graphs F5 containing E ′5 and E ′′5 as a minor








Figure 5.19: An infinite family of graphs F45
Proof. Consider the infinite family of graphs F45 shown in Figure 5.19, where H is any planar
graph with an embedding in the plane such that the vertices 2, 4, 6, and 5 are embedded
in that order clockwise about H. Also choose H so that any graph in F45 is internally
4-connected. Contracting or deleting any edge incident to vertex 1, 3, or 7 in F45 produces
a projective graph. Embeddings of these graphs in the projective plane can be found in
Appendix I. Note that only the first listed deletion or contraction is shown, and the others
are isomorphic to it. Thus any non-projective minor A of a graph in F45 has the graph
induced by edges incident to vertices 1, 3, or 7 as a subgraph, where vertices 1 and 7 have





















Figure 5.20: An infinite family of graphs F3 for F ′1
Now consider the infinite family of graphs F4 shown in Figure 5.20. Since F4 ⊆ F45, edges
incident to vertices 1, 3, or 7 cannot be contracted or deleted to produce a non-projective
minor. Thus any non-projective minor of a graph in F4 consists of the graph induced by
edges incident to vertices 1, 3, and 7 together with a path from vertex 4 to vertex 5 with
some edges deleted, edges from vertices 2 and 6 to vertices on the path, possibly an edge
from 2 to 6, and parallel edges or loops. Now note that E ′5 and E
′′
5 are not of this form, but
E22 is. Thus graphs in F4 contain E22 as a minor and no other graph in A′4.
Similarly, any non-projective minor of a graph in F5 consists of the graph induced by
edges incident to vertices 1, 3, and 7 together with a path from vertex 2 to vertex 6 with
some edges deleted, edges from vertices 4 and 5 to vertices on the path, possibly an edge
from 4 to 5, and parallel edges or loops. Now note that E22 is not of this form, but E
′
5 and
E ′′5 are. Thus graphs in F5 contain E ′5 and E ′′5 as a minor and no other graph in A′4.
Lemma 5.4.5. There is an infinite family of internally 4-connected non-projective graphs
F6 containing D17 and E20 as a minor and no other graph in A′4 as a minor. There is an
infinite family of internally 4-connected non-projective graphs F7 containing B′′1 , B′′′1 , and
D′′3 as a minor and no other graph in A′4 as a minor.
Proof. Consider the infinite family of graphs F67 shown in Figure 5.21, where H is any planar
graph with an embedding in the plane such that the vertices 2, 3, 5, and 4 are embedded






Figure 5.21: An infinite family of graphs F67
connected. Contracting or deleting any edge incident to vertex 1 or 6, contracting or deleting
{3, 4}, or deleting {2, 5} in F67 produces a projective graph. Embeddings of these graphs
in the projective plane can be found in Appendix I. Note that only the first listed deletion
or contraction is shown, and the others are isomorphic to it. Contracting {2, 5} produces a
graph with a 3-cut consisting of vertices 2 and 5, and the vertex v25 created by contracting
{2, 5}. But then since edges incident with vertices 1 or 6 and {2, 5} cannot be contracted
or deleted to produce a non-projective minor, by Lemma 3.4.1, an internally 4-connected
non-projective minor of F67/{2, 5} can only be a minor of the graph induced by the edges
incident with vertices 1 and 6, together with edge {3, 4} and either the edges {3, v25} and
{4, v25} or a new cubic vertex adjacent to vertices 3, 4, and v25. But these two graphs have 5
and 6 vertices, respectively, and thus are both projective. Thus {2, 5} cannot be contracted
to produce a member of A′4 as a minor. So any minor A ∈ A′4 of a graph in F67 has the
graph induced by edges incident to vertices 1 and 6 and edges {2, 5} and {3, 4} as a subgraph,
where vertices 1 and 6 have degree 4 in A. Of the graphs in A′4, only D17, E20, B′′1 , B′′′1 , and




















Figure 5.22: Infinite families of graphs F6 and F7
Now consider the infinite family of graphs F6 shown in Figure 5.22. Since F6 ⊆ F67, edges
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incident to vertices 1 and 6, and edges {2, 5} and {3, 4} cannot be contracted or deleted to
produce a non-projective minor. Thus any non-projective minor of a graph in F6 consists of
the graph induced by edges incident to vertices 1 and 6, and edges {2, 5} and {3, 4} together
with a path from vertex 3 to vertex 4 with some edges deleted, edges from vertices 2 and 5
to vertices on the path, possibly an edge from 2 to 5, and parallel edges or loops. Now note
that B′′1 , B
′′′
1 , and D
′′
3 are not of this form, but D17 and E20 are. Thus graphs in F6 contain
D17 and E20 as a minor and no other graphs in A′4.
Similarly, any non-projective minor of a graph in F7 consists of the graph induced by
edges incident to vertices 1 and 6, and edges {2, 5} and {3, 4} together with a path from
vertex 2 to vertex 5 with some edges deleted, edges from vertices 3 and 4 to vertices on the
path, possibly an edge from 3 to 4, and parallel edges or loops. Now note that D17 and E20
are not of this form, but B′′1 , B
′′′
1 , and D
′′
3 are. Thus graphs in F7 contain B′′1 , B′′′1 , and D′′3
as a minor and no other graphs in A′4.
5.5 Proof of the Main Results
We are now ready to prove the main results of this chapter.
Proof of Theorem 5.1.1. First we show that E = {E20, E22, F4, D′3, D′′3 , E ′′5 , F ′1} is an internally
4-connected excludable set for the class of projective graphs whose exception set consists of




















































1} as a spanning subgraph together with graphs Q, Qg, Qh,
Qi, and Qu. By Theorem 2.1.4, any internally 4-connected non-projective graph contains a
member of A′4 as a minor. Order the 16 members of A′4 − E as follows: B′1, B′′1 , B′′′1 , A2,










1 . Denote this sequence by Z1, Z2, . . . , Z16.
Then the 16 lemmas of Section 5.2 can be expressed uniformly as: for i = 1, 2, . . . , 16, any
internally 4-connected graph with Zi as a minor contains either some Zj (j > i), some graph
in E , or Q as a minor, or has a member of L as a spanning subgraph. Furthermore, Lemma
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5.3.3 says that any internally 4-connected graph with Q as a minor has a member of E as
a minor, or is isomorphic to Q, Qg, Qh, Qi, or Qu. Thus E is an internally 4-connected
excludable set for the class of projective graphs with the desired exception set.
Now let S = {{D17, E20}, {E22}, {F4}, {D′3}, {E ′5, E ′′5},{B′′1 , B′′′1 , D′′3}}. Lemmas 5.4.1–
5.4.5 state that for any set S ∈ S, there is an infinite family of internally 4-connected non-
projective graphs containing members of S as minors and no other graphs in A′4. Since there
are exactly seven such sets in S and the sets in S are pairwise disjoint, a minimum internally
4-connected excludable set for the class of projective graphs has at least seven members.
Since E is an excludable set with exactly seven members, E is a minimum excludable set. 
Proof of Corollary 5.1.3. Let G be an internally 4-connected graph with |G| > 15. If G




1 as a Y∆-minor, then G is non-projective since each
of those four graphs are non-projective and the class of projective graphs is closed under







5 , or F
′
1 as a minor. In Appendix B if a graph has a cubic vertex represented
by a square, then performing a Y∆-transformation at that vertex results in another graph
in A′4, which leads to the following Y∆ relationships: F4
Y ∆−−→ E20
Y ∆−−→ D17, D′′3
Y ∆−−→ D′3, and
E ′′5
Y ∆−−→ E ′5
Y ∆−−→ D′3. Therefore, G has one of D17, E22, D′3, or F ′1 as a Y∆-minor. 
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This appendix contains drawings and edge lists for all graphs in the set of excluded minors
for the projective plane, A. Throughout this dissertation these graphs are referred to by the
names given in this appendix and the vertices of these graphs are referred to by the labels
given here. Performing a Y∆-transformation at a square vertex results a projective graph





















































































































































































































E2 E18 E20 E22 F4
Edge Lists for Graphs in A
A5 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {4, 5}, {6, 7}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}}
C11 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {4, 5}, {6, 9}, {6, 10}, {6, 11}, {7, 9}, {7, 10}, {7, 11}, {8, 9}, {8, 10},
{8, 11}}
E42 = {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {7, 10}, {7, 11}, {7, 12}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {9, 11}, {9, 12}}
A1 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {4, 5}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9},
{8, 9}}
C1 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {4, 5}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10}, {8, 9}, {8, 10}}
E1 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {4, 6}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 11}, {9, 10}, {9, 11}}
B3 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
C2 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
D1 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
D4 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {4, 6}, {4, 8}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
E6 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {5, 7}, {5, 9}, {6, 8}, {6, 10}, {7, 9}, {7, 11}, {10, 11}, {10, 13}, {11, 12},
{12, 13}}
F6 = {{1, 2}, {1, 4}, {1, 5}, {2, 3}, {2, 6}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 9}, {6, 8}, {6, 10}, {7, 8}, {7, 10}, {8, 9}, {9, 10}}
B1 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
C7 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
D3 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
D9 = {{1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {3, 5}, {3, 6}, {4, 5}, {4, 9}, {4, 10}, {5, 8}, {6, 7}, {6, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10}}
D12 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
E3 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}}
E5 = {{1, 3}, {1, 4}, {1, 6}, {2, 3}, {2, 4}, {2, 6}, {3, 5}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}}
E11 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 7}, {4, 6}, {4, 8}, {4, 9}, {5, 7}, {5, 8}, {6, 10}, {7, 9}, {8, 10}, {9, 10}}
E19 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {4, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9}}
E27 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 10}, {5, 8}, {5, 9}, {6, 7}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
F1 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {4, 6}, {4, 7}, {5, 8}, {5, 9}, {6, 8}, {6, 9}, {7, 8}, {7, 9}}
G1 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {4, 7}, {5, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10}, {8, 9}, {8, 10}}
A2 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
B7 = {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
C3 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
C4 = {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
D2 = {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
D17 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
E2 = {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 11}, {9, 11}, {10, 11}}
E18 = {{1, 2}, {1, 3}, {1, 5}, {1, 8}, {2, 4}, {2, 6}, {2, 7}, {3, 4}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
E20 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
E22 = {{1, 2}, {1, 3}, {1, 5}, {1, 8}, {2, 4}, {2, 9}, {3, 4}, {3, 6}, {4, 5}, {4, 7}, {5, 6}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
F4 = {{1, 2}, {1, 4}, {1, 8}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 10}, {4, 5}, {4, 9}, {5, 8}, {6, 7}, {6, 8}, {7, 10}, {8, 9}, {9, 10}}
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Appendix B
Internally 4-Connected Excluded Mi-
nors for Projective Graphs
This appendix contains drawings and edge lists for all graphs in the set minor-minimal
internally 4-connected non-projective graphs, A′4. Performing a Y∆-transformation at a

















































































































































































































Edge Lists for Graphs in A′4
A2 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
B7 = {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
C3 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
C4 = {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
D2 = {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
D17 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
E2 = {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 11}, {9, 11}, {10, 11}}
E18 = {{1, 2}, {1, 3}, {1, 5}, {1, 8}, {2, 4}, {2, 6}, {2, 7}, {3, 4}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
E20 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
E22 = {{1, 2}, {1, 3}, {1, 5}, {1, 8}, {2, 4}, {2, 9}, {3, 4}, {3, 6}, {4, 5}, {4, 7}, {5, 6}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
F4 = {{1, 2}, {1, 4}, {1, 8}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 10}, {4, 5}, {4, 9}, {5, 8}, {6, 7}, {6, 8}, {7, 10}, {8, 9}, {9, 10}}
B′1 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
B′′1 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}}
B′′′1 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
D′3 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {3, 6}, {4, 7}, {4, 8}, {5, 7}, {5, 8}, {6, 7}, {6, 8}}
D′′3 = {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {2, 3}, {2, 5}, {2, 6}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 9}, {6, 8}, {6, 9}, {7, 8}, {7, 9}}
E′3 = {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
E′′3 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}}
E′5 = {{1, 2}, {1, 4}, {1, 6}, {1, 7}, {2, 3}, {2, 5}, {3, 4}, {3, 6}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
E′′5 = {{1, 2}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9}, {9, 10}}
F ′1 = {{1, 2}, {1, 4}, {1, 5}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {3, 4}, {3, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
F ′′1 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
G′1 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
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Appendix C
Graphs for Chapter 2
This appendix contains the edge lists for the minimal twists of B1, C7, D3, D9, D12, E3, E5,
E11, E19, E27, F1, and G1 needed for the proof of Lemmas 2.4.1–2.4.12.
Chapter 2 Auxiliary Graphs
Ba1 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {6, 7}, {7, 8}}
Da3 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 8}, {5, 7}, {5, 8}, {6, 7}, {6, 8}}
Daa3 = {{1, 2}, {1, 3}, {1, 5}, {2, 4}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {4, 7}, {4, 8}, {4, 9}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 9}, {8, 9}}
Db3 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 5}, {3, 6}, {3, 8}, {4, 6}, {4, 7}, {5, 7}, {5, 9}, {6, 9}, {7, 8}, {8, 9}}
Ea3 = {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 6}}
Eaa3 = {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}}
Eb3 = {{1, 5}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {6, 7}}
Eba3 = {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 7}, {6, 7}, {6, 8}, {6, 9}}
Ebb3 = {{1, 4}, {1, 5}, {1, 7}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 6}, {6, 8}, {7, 8}, {7, 9}, {7, 10}}
Ea5 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
Eb5 = {{1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {7, 8}, {8, 9}}
Fa1 = {{1, 4}, {1, 5}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
F b1 = {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 10}, {4, 6}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 10}, {9, 10}}
Fc1 = {{1, 4}, {1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {3, 5}, {3, 6}, {3, 10}, {4, 6}, {6, 7}, {7, 8}, {7, 9}, {8, 10}, {9, 10}}
Fd1 = {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 11}, {3, 4}, {3, 5}, {3, 10}, {3, 11}, {4, 6}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {7, 11}, {8, 10}, {9, 10}}
B1 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
2 : {{1, 2}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {7, 8}, {7, 9},
{8, 9}}
3 : {{1, 2}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {3, 9}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 9},
{8, 9}}
4 : {{1, 2}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {7, 8}, {7, 9},
{8, 9}}
5 : {{1, 2}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 9},
{8, 9}}
6 : {{1, 2}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 9},
{8, 9}}
7 : {{1, 2}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {7, 9},
{8, 9}}
8 : {{1, 2}, {1, 5}, {1, 6}, {1, 8}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
9 : {{1, 2}, {1, 5}, {1, 6}, {1, 8}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}, {7, 8}}
10 : {{1, 2}, {1, 5}, {1, 6}, {1, 8}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 8}, {6, 8}, {7, 8}}
11 : {{1, 2}, {1, 5}, {1, 6}, {1, 8}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
Ba1 Minimal Twists
1 : {{1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {6, 8}, {7, 8},
{8, 9}}
3 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8},
{8, 9}}
4 : {{1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
5 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8},
{8, 9}}
6 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 7}, {3, 10}, {4, 5}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}, {8, 9},
{8, 10}, {9, 10}}
7 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 7}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9},
{8, 10}, {9, 10}}
8 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {7, 8},
{8, 10}, {9, 10}}
9 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 9},
{8, 10}, {9, 10}}
10 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 7}, {3, 10}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8},
{8, 9}, {8, 10}, {9, 10}}
11 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 7}, {3, 10}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{7, 9}, {8, 10}, {9, 10}}
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12 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 9},
{7, 8}, {8, 10}, {9, 10}}
13 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 10}, {4, 6}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {7, 8},
{7, 9}, {8, 10}, {9, 10}}
14 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {9, 10}}
15 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 5}, {3, 7}, {3, 10}, {4, 6}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8},
{7, 9}, {8, 10}, {9, 10}}
16 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {7, 9}, {8, 9}}
17 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {7, 8}, {8, 9}}
18 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {7, 8}, {8, 9}}
19 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {7, 9}, {8, 9}}
20 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {7, 9}, {8, 9}}
21 : {{1, 2}, {1, 7}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 8}}
C7 Minimal Twists
1 : {{1, 2}, {1, 4}, {1, 5}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 7}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 2}, {1, 4}, {1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 8}, {4, 5}, {4, 7}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9}}
3 : {{1, 2}, {1, 4}, {1, 5}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 2}, {1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 9}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}}
5 : {{1, 2}, {1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 9}, {4, 5}, {4, 6}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}}
6 : {{1, 2}, {1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}}
7 : {{1, 4}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {6, 8}, {7, 8}, {7, 9}, {8, 9}}
8 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 5}, {6, 10}, {7, 8}, {7, 9}, {7, 10},
{8, 9}}
9 : {{1, 4}, {1, 5}, {1, 6}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 5}, {6, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}}
10 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 5}, {6, 7}, {7, 8}, {7, 9}, {7, 10},
{8, 9}}
11 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {4, 5}, {6, 12}, {7, 10}, {7, 11}, {8, 10}, {8, 11}, {8, 12},
{9, 10}, {9, 11}, {9, 12}, {10, 11}}
12 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 4}, {2, 5}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 5}, {6, 9}, {6, 10}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}}
13 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 12}, {3, 4}, {3, 5}, {3, 7}, {4, 5}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 11}, {8, 12},
{9, 10}, {9, 11}, {9, 12}, {10, 11}}
14 : {{1, 2}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {4, 6}, {6, 8}, {7, 8}, {7, 9}, {8, 9}}
D3 Minimal Twists
1 : {{1, 2}, {1, 5}, {1, 7}, {1, 8}, {2, 5}, {2, 7}, {2, 8}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 8}, {6, 8}, {7, 8}}
2 : {{1, 2}, {1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {8, 9}}
3 : {{1, 2}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 5}, {2, 7}, {2, 8}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 8}, {7, 8}}
4 : {{1, 2}, {1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 6}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {8, 9}}
5 : {{1, 2}, {1, 3}, {1, 6}, {1, 8}, {2, 3}, {2, 6}, {2, 8}, {3, 4}, {3, 7}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9}}
6 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 3}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 9}, {6, 8}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
7 : {{1, 2}, {1, 3}, {1, 6}, {1, 7}, {1, 9}, {2, 3}, {2, 6}, {2, 8}, {3, 6}, {3, 8}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {8, 9}}
8 : {{1, 2}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 6}, {2, 8}, {3, 4}, {3, 7}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 9}, {8, 9}}
9 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 3}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 9}, {6, 8}, {6, 10}, {7, 8}, {9, 10}}
10 : {{1, 2}, {1, 3}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 6}, {2, 9}, {3, 6}, {3, 8}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {8, 9}}
Da3 Minimal Twists
1 : {{1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 5}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {8, 9}}
3 : {{1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {3, 5}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 9}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
5 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {8, 9}}
6 : {{1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {3, 5}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
7 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
8 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {7, 8}, {8, 9}, {8, 10},
{9, 10}}
9 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 10},
{9, 10}}
10 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8},
{8, 10}, {9, 10}}
11 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 8},
{8, 10}, {9, 10}}
12 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {7, 8}, {7, 9},
{8, 10}, {9, 10}}
13 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 9}, {7, 9}, {8, 9},
{8, 10}, {9, 10}}
14 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 8}, {7, 8}, {7, 9},
{8, 10}, {9, 10}}
15 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 6}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {8, 9},
{8, 10}, {9, 10}}
16 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 6}, {3, 7}, {3, 9}, {3, 10}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 8}, {7, 8},
{8, 10}, {9, 10}}
17 : {{1, 2}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 9}, {8, 9},
{8, 10}, {9, 10}}
111
18 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 9}, {8, 9}}
19 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 8}, {8, 9}}
20 : {{1, 2}, {1, 6}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {7, 8}, {8, 9}}
21 : {{1, 2}, {1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 9}, {8, 9}}
22 : {{1, 2}, {1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 8}, {7, 9}}
23 : {{1, 2}, {1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {7, 8}, {7, 9}}
24 : {{1, 2}, {1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
25 : {{1, 2}, {1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 9}, {8, 9}}
Db3 Minimal Twists
1 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {6, 8}, {6, 9}, {7, 9}, {8, 9}}
2 : {{1, 7}, {1, 8}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {6, 7}, {7, 9}, {8, 9}, {9, 10}}
3 : {{1, 7}, {1, 8}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 9}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {7, 8}, {7, 9}, {8, 9}, {9, 10}}
4 : {{1, 7}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 8}, {2, 9}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {7, 9}, {8, 9}, {9, 10}}
5 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {6, 8}, {6, 9}, {7, 9}, {8, 9}}
6 : {{1, 7}, {1, 8}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 6}, {3, 8}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 10}, {6, 7}, {7, 9}, {8, 9}, {9, 10}}
7 : {{1, 7}, {1, 8}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 9}, {3, 6}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {7, 8}, {7, 9}, {8, 9}, {9, 10}}
8 : {{1, 2}, {1, 9}, {1, 10}, {1, 11}, {2, 4}, {2, 11}, {3, 5}, {3, 6}, {3, 11}, {4, 5}, {4, 7}, {4, 10}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10},
{9, 11}, {10, 11}}
9 : {{1, 2}, {1, 9}, {1, 10}, {1, 11}, {2, 4}, {2, 11}, {3, 5}, {3, 6}, {3, 11}, {4, 9}, {4, 10}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9},
{9, 11}, {10, 11}}
10 : {{1, 2}, {1, 7}, {1, 8}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 6}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 10}, {9, 10}}
11 : {{1, 2}, {1, 7}, {1, 8}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 9}, {9, 10}}
12 : {{1, 2}, {1, 7}, {1, 8}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 6}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 10}, {6, 7}, {7, 9}, {9, 10}}
13 : {{1, 2}, {1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 9}, {8, 10}}
Daa3 Minimal Twists
1 : {{1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {7, 9}}
2 : {{1, 4}, {1, 10}, {1, 11}, {2, 3}, {2, 4}, {2, 10}, {2, 11}, {3, 5}, {3, 11}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {7, 10}, {7, 11},
{8, 9}, {8, 10}, {9, 10}}
3 : {{1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{8, 9}}
4 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 11}, {4, 7}, {5, 8}, {5, 9}, {5, 10}, {5, 11}, {6, 8}, {6, 9}, {6, 10}, {7, 8},
{7, 9}, {8, 10}, {8, 12}, {9, 10}}
5 : {{1, 3}, {1, 9}, {1, 10}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 8},
{7, 9}, {8, 9}, {10, 11}}
6 : {{1, 9}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 9}, {6, 11},
{7, 8}, {7, 9}, {8, 9}}
7 : {{1, 7}, {1, 8}, {1, 9}, {2, 7}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{9, 10}}
8 : {{1, 6}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {5, 9}, {7, 9}}
9 : {{1, 4}, {1, 10}, {1, 11}, {2, 3}, {2, 4}, {2, 10}, {2, 11}, {3, 5}, {3, 11}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {7, 10}, {8, 9},
{8, 10}, {9, 10}, {9, 11}}
10 : {{1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 10},
{8, 9}}
11 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 11}, {4, 7}, {5, 8}, {5, 9}, {5, 10}, {5, 11}, {6, 8}, {6, 9}, {6, 10}, {7, 8},
{7, 9}, {8, 10}, {9, 10}, {10, 12}}
12 : {{1, 3}, {1, 9}, {1, 10}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9},
{8, 9}, {8, 11}, {10, 11}}
13 : {{1, 9}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 9}, {7, 8},
{7, 9}, {8, 9}, {8, 11}}
14 : {{1, 7}, {1, 8}, {1, 9}, {2, 7}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 10},
{9, 10}}
15 : {{1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8},
{6, 7}, {8, 10}}
16 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {5, 9}, {5, 10}, {5, 11}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 8},
{7, 9}, {8, 10}, {8, 11}, {9, 10}}
17 : {{1, 9}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 11}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 9}, {6, 10},
{7, 8}, {7, 9}, {8, 9}}
18 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {5, 8}, {5, 9}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10},
{7, 11}, {8, 10}, {8, 11}, {9, 10}}
19 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {5, 8}, {5, 9}, {5, 10}, {5, 12}, {6, 9}, {6, 10}, {6, 11}, {7, 8},
{7, 9}, {8, 10}, {8, 11}, {9, 10}}
20 : {{1, 3}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {4, 6}, {4, 7}, {4, 8}, {4, 11}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 9}, {6, 10},
{7, 8}, {7, 9}, {9, 11}}
21 : {{1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 9}, {8, 10}}
22 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {5, 8}, {5, 9}, {5, 11}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 8},
{7, 9}, {8, 10}, {9, 10}, {10, 11}}
23 : {{1, 9}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 9}, {7, 8},
{7, 9}, {8, 9}, {8, 10}}
24 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {5, 8}, {5, 9}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
{7, 11}, {8, 10}, {9, 10}, {10, 11}}
25 : {{1, 4}, {1, 11}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {5, 8}, {5, 9}, {5, 10}, {5, 12}, {6, 8}, {6, 9}, {6, 11}, {7, 8},
{7, 9}, {8, 10}, {9, 10}, {10, 11}}
26 : {{1, 3}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 5}, {4, 6}, {4, 7}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 9}, {7, 8},
{7, 9}, {8, 10}, {9, 11}}
27 : {{1, 2}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {6, 9}, {8, 9}}
28 : {{1, 2}, {1, 3}, {1, 11}, {2, 3}, {2, 4}, {2, 10}, {3, 5}, {4, 6}, {4, 11}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {7, 10}, {7, 11}, {8, 9},
{8, 10}, {9, 10}, {10, 11}}
29 : {{1, 2}, {1, 8}, {1, 9}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 9},
{9, 10}}
30 : {{1, 2}, {1, 3}, {1, 11}, {2, 3}, {2, 4}, {2, 12}, {3, 6}, {4, 7}, {4, 11}, {5, 8}, {5, 9}, {5, 10}, {5, 11}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
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{8, 10}, {8, 12}, {9, 10}, {11, 12}}
31 : {{1, 2}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 11}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 8},
{7, 9}, {8, 9}, {9, 10}}
32 : {{1, 2}, {1, 3}, {1, 10}, {2, 3}, {2, 9}, {2, 11}, {3, 5}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 9},
{8, 9}, {9, 10}, {10, 11}}
33 : {{1, 2}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 9}, {8, 9}}
34 : {{1, 2}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {5, 9}, {6, 9}, {8, 9}}
35 : {{1, 2}, {1, 3}, {1, 11}, {2, 3}, {2, 4}, {2, 10}, {3, 5}, {4, 6}, {4, 11}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}, {9, 11}, {10, 11}}
36 : {{1, 2}, {1, 8}, {1, 9}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 10}, {7, 9},
{9, 10}}
37 : {{1, 2}, {1, 3}, {1, 11}, {2, 3}, {2, 4}, {2, 12}, {3, 6}, {4, 7}, {4, 11}, {5, 8}, {5, 9}, {5, 10}, {5, 11}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
{8, 10}, {9, 10}, {10, 12}, {11, 12}}
38 : {{1, 2}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {2, 11}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9},
{8, 9}, {8, 11}, {9, 10}}
39 : {{1, 2}, {1, 3}, {1, 10}, {2, 3}, {2, 9}, {2, 11}, {3, 5}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9},
{8, 11}, {9, 10}, {10, 11}}
40 : {{1, 2}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 10},
{7, 9}, {8, 9}}
41 : {{1, 2}, {1, 3}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {3, 5}, {4, 6}, {4, 7}, {4, 11}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
{8, 9}, {9, 11}, {10, 11}}
42 : {{1, 2}, {1, 3}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {3, 6}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10}, {7, 11},
{8, 10}, {8, 11}, {9, 10}, {11, 12}}
43 : {{1, 2}, {1, 3}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {3, 6}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 10}, {5, 12}, {6, 9}, {6, 10}, {6, 11}, {7, 8}, {7, 9},
{8, 10}, {8, 11}, {9, 10}, {11, 12}}
44 : {{1, 2}, {1, 9}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 8}, {4, 11}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 9}, {6, 10},
{7, 8}, {7, 9}, {10, 11}}
45 : {{1, 2}, {1, 3}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {3, 5}, {4, 6}, {4, 7}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9},
{8, 10}, {9, 11}, {10, 11}}
46 : {{1, 2}, {1, 3}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {3, 6}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 11},
{8, 10}, {9, 10}, {10, 11}, {11, 12}}
47 : {{1, 2}, {1, 3}, {1, 12}, {2, 3}, {2, 4}, {2, 11}, {3, 6}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 10}, {5, 12}, {6, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 9},
{8, 10}, {9, 10}, {10, 11}, {11, 12}}
48 : {{1, 2}, {1, 9}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 9}, {7, 8},
{7, 9}, {8, 10}, {10, 11}}
49 : {{1, 2}, {1, 7}, {1, 9}, {2, 6}, {2, 8}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
50 : {{1, 2}, {1, 3}, {1, 11}, {2, 4}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 11}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {7, 10}, {7, 11}, {8, 9},
{8, 10}, {9, 10}, {10, 11}}
51 : {{1, 2}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {7, 9}, {8, 9},
{9, 10}}
52 : {{1, 2}, {1, 3}, {1, 11}, {2, 4}, {2, 12}, {3, 6}, {3, 11}, {4, 7}, {4, 11}, {5, 8}, {5, 9}, {5, 10}, {5, 11}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
{8, 10}, {8, 12}, {9, 10}, {11, 12}}
53 : {{1, 2}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 9},
{8, 9}, {9, 10}, {10, 11}}
54 : {{1, 2}, {1, 3}, {1, 10}, {2, 9}, {2, 11}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 9},
{8, 9}, {9, 10}, {10, 11}}
55 : {{1, 2}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 9}, {8, 9},
{9, 10}}
56 : {{1, 2}, {1, 7}, {1, 9}, {2, 6}, {2, 8}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {5, 9}, {6, 9}, {7, 9}, {8, 9}}
57 : {{1, 2}, {1, 3}, {1, 11}, {2, 4}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 11}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10},
{9, 10}, {9, 11}, {10, 11}}
58 : {{1, 2}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 10}, {7, 9}, {8, 9},
{9, 10}}
59 : {{1, 2}, {1, 3}, {1, 11}, {2, 4}, {2, 12}, {3, 6}, {3, 11}, {4, 7}, {4, 11}, {5, 8}, {5, 9}, {5, 10}, {5, 11}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
{8, 10}, {9, 10}, {10, 12}, {11, 12}}
60 : {{1, 2}, {1, 10}, {1, 11}, {2, 3}, {2, 9}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9},
{8, 11}, {9, 10}, {10, 11}}
61 : {{1, 2}, {1, 3}, {1, 10}, {2, 9}, {2, 11}, {3, 5}, {3, 10}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9},
{8, 11}, {9, 10}, {10, 11}}
62 : {{1, 2}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 10}, {7, 9}, {8, 9},
{9, 10}}
63 : {{1, 2}, {1, 3}, {1, 11}, {2, 9}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 11}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
{8, 9}, {9, 11}, {10, 11}}
64 : {{1, 2}, {1, 3}, {1, 12}, {2, 4}, {2, 11}, {3, 6}, {3, 12}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10}, {7, 11},
{8, 10}, {8, 11}, {9, 10}, {11, 12}}
65 : {{1, 2}, {1, 3}, {1, 12}, {2, 4}, {2, 11}, {3, 6}, {3, 12}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 10}, {5, 12}, {6, 9}, {6, 10}, {6, 11}, {7, 8}, {7, 9},
{8, 10}, {8, 11}, {9, 10}, {11, 12}}
66 : {{1, 2}, {1, 9}, {1, 11}, {2, 3}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 8}, {4, 11}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 9}, {6, 10}, {7, 8},
{7, 9}, {9, 11}, {10, 11}}
67 : {{1, 2}, {1, 3}, {1, 11}, {2, 9}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9},
{8, 10}, {9, 11}, {10, 11}}
68 : {{1, 2}, {1, 3}, {1, 12}, {2, 4}, {2, 11}, {3, 6}, {3, 12}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 12}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 11},
{8, 10}, {9, 10}, {10, 11}, {11, 12}}
69 : {{1, 2}, {1, 3}, {1, 12}, {2, 4}, {2, 11}, {3, 6}, {3, 12}, {4, 7}, {4, 12}, {5, 8}, {5, 9}, {5, 10}, {5, 12}, {6, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 9},
{8, 10}, {9, 10}, {10, 11}, {11, 12}}
70 : {{1, 2}, {1, 9}, {1, 11}, {2, 3}, {2, 10}, {3, 5}, {3, 11}, {4, 6}, {4, 7}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 9}, {7, 8}, {7, 9},
{8, 10}, {9, 11}, {10, 11}}
71 : {{1, 2}, {1, 3}, {1, 8}, {2, 7}, {2, 10}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 9}, {9, 10}}
72 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 4}, {3, 5}, {3, 11}, {4, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {8, 10}, {8, 12}, {9, 10},
{9, 11}, {10, 11}, {11, 12}}
73 : {{1, 2}, {1, 3}, {1, 8}, {2, 7}, {2, 10}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 7}, {6, 10},
{9, 10}}
74 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 4}, {3, 5}, {3, 11}, {4, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {8, 10}, {8, 11}, {9, 10},
{9, 12}, {10, 12}, {11, 12}}
75 : {{1, 2}, {1, 3}, {1, 8}, {2, 7}, {2, 10}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 10}, {9, 10}}
76 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 4}, {3, 5}, {3, 11}, {4, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {8, 10}, {8, 11}, {9, 10},
{9, 11}, {10, 12}, {11, 12}}
77 : {{1, 2}, {1, 3}, {1, 8}, {2, 7}, {2, 10}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 7}, {6, 9},
{9, 10}}
78 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 4}, {3, 5}, {3, 11}, {4, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {8, 10}, {8, 12}, {9, 10},
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{9, 12}, {10, 11}, {11, 12}}
79 : {{1, 2}, {1, 3}, {1, 10}, {2, 7}, {2, 9}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 9}, {8, 10}}
D9 Minimal Twists
1 : {{1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
2 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 6}, {2, 7}, {2, 10}, {3, 5}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {8, 10},
{9, 10}, {10, 11}}
3 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 4}, {2, 10}, {3, 5}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 10},
{9, 10}, {10, 11}}
4 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 6}, {2, 7}, {2, 10}, {3, 5}, {3, 8}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 9}, {7, 9}, {8, 10},
{9, 10}, {10, 11}}
5 : {{1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 8}, {2, 9}, {3, 4}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 10}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
6 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 4}, {2, 10}, {3, 5}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 10},
{9, 10}, {10, 11}}
7 : {{1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 8}, {2, 9}, {3, 4}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
8 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 6}, {2, 7}, {2, 10}, {3, 5}, {3, 9}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 11}, {7, 8}, {8, 10},
{9, 10}, {10, 11}}
9 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 4}, {2, 10}, {3, 5}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 9}, {8, 10},
{9, 10}, {10, 11}}
10 : {{1, 2}, {1, 10}, {1, 11}, {2, 4}, {2, 12}, {3, 5}, {3, 6}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 7}, {5, 11}, {6, 7}, {6, 10}, {7, 8}, {7, 9}, {8, 10},
{9, 10}, {10, 12}, {11, 12}}
11 : {{1, 2}, {1, 10}, {1, 11}, {2, 4}, {2, 12}, {3, 6}, {3, 8}, {3, 9}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 7}, {5, 10}, {5, 11}, {6, 7}, {6, 10}, {7, 8},
{7, 9}, {10, 12}, {11, 12}}
12 : {{1, 2}, {1, 10}, {1, 11}, {2, 4}, {2, 12}, {3, 5}, {3, 6}, {3, 12}, {4, 5}, {4, 9}, {4, 11}, {5, 7}, {6, 7}, {6, 10}, {7, 8}, {7, 9}, {8, 10}, {8, 11},
{9, 10}, {10, 12}, {11, 12}}
13 : {{1, 2}, {1, 10}, {1, 11}, {2, 4}, {2, 12}, {3, 6}, {3, 8}, {3, 9}, {3, 12}, {4, 5}, {4, 9}, {4, 11}, {5, 7}, {5, 10}, {6, 7}, {6, 10}, {7, 8}, {7, 9},
{8, 11}, {10, 12}, {11, 12}}
14 : {{1, 8}, {1, 9}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 5}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 10},
{10, 11}}
15 : {{1, 8}, {1, 9}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 5}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 11}, {7, 8}, {7, 10},
{10, 11}}
16 : {{1, 8}, {1, 10}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 5}, {3, 10}, {3, 11}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 10},
{9, 11}}
D12 Minimal Twists
1 : {{1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
2 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 6}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {6, 7}, {7, 9}, {8, 9}, {9, 10}}
3 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {5, 6}, {6, 7}, {6, 8}, {7, 9}, {8, 9}, {9, 10}}
4 : {{1, 7}, {1, 8}, {1, 10}, {2, 4}, {2, 6}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {6, 8}, {7, 9}, {8, 9}, {9, 10}}
5 : {{1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 9}, {8, 9}}
6 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 6}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {7, 9}, {8, 9}, {9, 10}}
7 : {{1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {5, 9}, {6, 9}, {7, 9}, {8, 9}}
8 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {6, 7}, {6, 8}, {6, 10}, {7, 9}, {8, 9}, {9, 10}}
9 : {{1, 2}, {1, 9}, {1, 10}, {2, 4}, {2, 11}, {3, 5}, {3, 8}, {3, 11}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{9, 11}, {10, 11}}
10 : {{1, 2}, {1, 9}, {1, 10}, {2, 4}, {2, 11}, {3, 6}, {3, 8}, {3, 11}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {7, 8}, {8, 10},
{9, 11}, {10, 11}}
11 : {{1, 2}, {1, 9}, {1, 10}, {2, 4}, {2, 11}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 6}, {4, 10}, {5, 6}, {5, 7}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9},
{9, 11}, {10, 11}}
12 : {{1, 7}, {1, 8}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {9, 10}}
13 : {{1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {8, 10}}
14 : {{1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {8, 10}}
E3 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 6}}
2 : {{1, 4}, {1, 5}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {6, 7}, {6, 8}, {6, 9}}
3 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 7}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}}
4 : {{1, 5}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {6, 7}}
Ea3 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}}
2 : {{1, 4}, {1, 5}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {4, 5}, {4, 6}, {6, 7}, {6, 8}, {6, 9}}
3 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}}
4 : {{1, 5}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 5}, {4, 6}, {6, 7}}
Eaa3 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 6}, {6, 7}, {7, 8}}
2 : {{1, 4}, {1, 5}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {8, 9}}
3 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 8}, {4, 7}, {6, 7}, {7, 8}}
4 : {{1, 4}, {1, 5}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {8, 9}}
5 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 7}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9},
{9, 10}}
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6 : {{1, 4}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9},
{9, 10}}
7 : {{1, 5}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {6, 7}, {7, 8}, {8, 9}}
8 : {{1, 5}, {1, 6}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {6, 8}, {7, 8}, {8, 9}}
Eb3 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 7}, {6, 7}, {6, 8}, {6, 9}}
2 : {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {6, 7}, {6, 8}, {6, 9}}
3 : {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 6}, {6, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10}}
4 : {{1, 4}, {1, 5}, {1, 7}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 10}, {4, 6}, {6, 8}, {7, 8}, {7, 9}, {7, 10}}
Eba3 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 6}, {6, 7}, {7, 8}, {8, 9}}
2 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {6, 7}, {6, 8}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
3 : {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10}}
4 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 7}, {6, 7}, {7, 8}, {8, 9}}
5 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {6, 7}, {6, 8}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
6 : {{1, 4}, {1, 5}, {1, 8}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10}}
7 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 8}, {6, 7}, {7, 8}, {8, 9}}
8 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {6, 7}, {6, 8}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
9 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 9}, {6, 7}, {7, 8}, {8, 9}}
10 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {6, 7}, {6, 8}, {6, 10}, {7, 8}, {8, 9},
{9, 10}}
11 : {{1, 4}, {1, 5}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{9, 10}}
12 : {{1, 4}, {1, 5}, {1, 8}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {2, 11}, {3, 4}, {3, 5}, {3, 6}, {4, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {7, 11}, {8, 9},
{9, 10}, {10, 11}}
13 : {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 4}, {3, 5}, {3, 8}, {3, 9}, {3, 11}, {4, 6}, {6, 8}, {6, 10}, {7, 8}, {7, 9}, {8, 9},
{9, 10}, {10, 11}}
14 : {{1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 7}, {7, 8}, {8, 9}, {9, 10}}
15 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 7}, {7, 8}, {8, 9}, {9, 10}}
16 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 7}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 8}, {7, 8}, {8, 9}, {9, 10}}
17 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
Ebb3 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 10}, {4, 6}, {6, 7}, {6, 9}, {8, 10}, {9, 10}}
2 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {6, 8}, {6, 11}, {7, 8}, {7, 10}, {9, 11},
{10, 11}}
3 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 5}, {3, 8}, {3, 11}, {4, 6}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 10}, {9, 11},
{10, 11}}
4 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 10}, {4, 7}, {6, 7}, {6, 9}, {8, 10}, {9, 10}}
5 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {6, 8}, {6, 11}, {7, 8}, {7, 10}, {9, 11},
{10, 11}}
6 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {3, 11}, {4, 6}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 10}, {9, 11},
{10, 11}}
7 : {{1, 4}, {1, 5}, {1, 8}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {3, 11}, {4, 6}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {9, 11},
{10, 11}}
8 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {3, 10}, {4, 9}, {6, 7}, {6, 9}, {8, 10}, {9, 10}}
9 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {6, 8}, {6, 11}, {7, 8}, {7, 10}, {9, 11},
{10, 11}}
10 : {{1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {3, 11}, {4, 6}, {6, 7}, {7, 8}, {7, 10}, {9, 11}, {10, 11}}
11 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {3, 11}, {4, 6}, {6, 8}, {7, 8}, {7, 10}, {9, 11}, {10, 11}}
12 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {3, 11}, {4, 6}, {6, 10}, {7, 8}, {7, 10}, {9, 11}, {10, 11}}
E5 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 7}, {6, 8}, {7, 8}, {8, 9}}
2 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 8}, {4, 7}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9}, {9, 10}}
3 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 8}, {6, 8}, {7, 8}, {8, 9}}
4 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 6}, {6, 8}, {7, 8}, {8, 9}}
5 : {{1, 4}, {1, 5}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 6}, {6, 8}, {6, 10}, {7, 8}, {8, 9}}
6 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 7}, {4, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 10}, {8, 9}, {8, 11}, {9, 10},
{10, 11}}
7 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 7}, {6, 8}, {6, 10}, {7, 9}, {8, 9}, {9, 10}}
8 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 7}, {6, 7}, {6, 10}, {7, 9}, {8, 9}, {9, 10}}
9 : {{1, 5}, {1, 6}, {1, 8}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 7}, {7, 9}, {8, 9}, {9, 10}}
10 : {{1, 5}, {1, 6}, {1, 7}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {6, 8}, {7, 9}, {8, 9}, {9, 10}}
Ea5 Minimal Twists
1 : {{1, 6}, {1, 7}, {1, 8}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {6, 9}, {7, 9}, {8, 9}}
2 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 4}, {2, 5}, {2, 9}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {7, 9}, {8, 9}, {9, 10}}
3 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 9}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {7, 9}, {8, 9}, {9, 10}}
4 : {{1, 6}, {1, 7}, {1, 8}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 6}, {3, 8}, {3, 9}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {6, 9}, {7, 9}, {8, 9}}
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5 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 4}, {2, 5}, {2, 9}, {3, 6}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {7, 9}, {8, 9}, {9, 10}}
6 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 9}, {3, 6}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {7, 9}, {8, 9}, {9, 10}}
7 : {{1, 6}, {1, 7}, {1, 8}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 9}, {6, 9}, {7, 9}, {8, 9}}
8 : {{1, 2}, {1, 9}, {1, 10}, {2, 4}, {2, 11}, {3, 5}, {3, 7}, {3, 11}, {4, 6}, {4, 7}, {4, 10}, {5, 8}, {5, 9}, {5, 10}, {6, 8}, {6, 9}, {7, 8}, {7, 9},
{9, 11}, {10, 11}}
9 : {{1, 2}, {1, 9}, {1, 10}, {2, 4}, {2, 11}, {3, 5}, {3, 6}, {3, 7}, {3, 11}, {4, 6}, {4, 7}, {4, 10}, {5, 8}, {5, 9}, {5, 10}, {6, 8}, {7, 8}, {7, 9},
{9, 11}, {10, 11}}
10 : {{1, 2}, {1, 9}, {1, 10}, {2, 4}, {2, 11}, {3, 5}, {3, 7}, {3, 11}, {4, 5}, {4, 7}, {4, 10}, {5, 8}, {5, 9}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9},
{9, 11}, {10, 11}}
11 : {{1, 2}, {1, 9}, {1, 10}, {2, 4}, {2, 11}, {3, 5}, {3, 6}, {3, 7}, {3, 11}, {4, 5}, {4, 7}, {4, 10}, {5, 8}, {5, 9}, {6, 8}, {6, 10}, {7, 8}, {7, 9},
{9, 11}, {10, 11}}
12 : {{1, 7}, {1, 8}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 6}, {3, 7}, {3, 8}, {3, 10}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {9, 10}}
13 : {{1, 7}, {1, 8}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 6}, {3, 7}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {9, 10}}
14 : {{1, 7}, {1, 9}, {1, 10}, {2, 7}, {2, 8}, {2, 9}, {3, 6}, {3, 7}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {8, 10}}
E11 Minimal Twists
1 : {{1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {3, 9}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {7, 10}, {8, 10}, {9, 10}}
2 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {3, 11}, {4, 7}, {4, 9}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {8, 10}, {9, 10},
{10, 11}}
3 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 4}, {2, 6}, {2, 10}, {3, 5}, {3, 7}, {3, 11}, {4, 7}, {4, 9}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {8, 10}, {9, 10},
{10, 11}}
4 : {{1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 8}, {3, 6}, {3, 8}, {3, 9}, {3, 10}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {7, 10}, {8, 10}, {9, 10}}
5 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {8, 10}, {9, 10},
{10, 11}}
6 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 4}, {2, 6}, {2, 10}, {3, 5}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {8, 10}, {9, 10},
{10, 11}}
7 : {{1, 8}, {1, 9}, {1, 11}, {2, 5}, {2, 6}, {2, 10}, {3, 5}, {3, 7}, {3, 8}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 9}, {6, 7}, {6, 8}, {8, 10}, {9, 10},
{10, 11}}
8 : {{1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 8}, {3, 6}, {3, 8}, {3, 9}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {7, 10}, {8, 10}, {9, 10}}
9 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {4, 7}, {4, 9}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {8, 10}, {9, 10},
{10, 11}}
10 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 4}, {2, 6}, {2, 10}, {3, 5}, {3, 7}, {4, 7}, {4, 9}, {5, 8}, {5, 9}, {5, 11}, {6, 7}, {6, 8}, {8, 10}, {9, 10},
{10, 11}}
11 : {{1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 8}, {3, 6}, {3, 8}, {3, 9}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 10}, {7, 10}, {8, 10}, {9, 10}}
12 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {4, 7}, {4, 9}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 11}, {8, 10}, {9, 10},
{10, 11}}
13 : {{1, 2}, {1, 10}, {1, 11}, {2, 4}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 6}, {4, 8}, {4, 11}, {5, 7}, {5, 9}, {5, 11}, {6, 9}, {7, 10}, {8, 9}, {8, 10},
{10, 12}, {11, 12}}
14 : {{1, 8}, {1, 9}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {10, 11}}
15 : {{1, 8}, {1, 10}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 11}, {4, 7}, {4, 9}, {4, 10}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {9, 11}}
16 : {{1, 8}, {1, 10}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {4, 7}, {4, 10}, {4, 11}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {9, 11}}
E19 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {4, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9}}
2 : {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 8}, {4, 7}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 9}}
3 : {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 9}, {4, 7}, {6, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10}, {8, 9}, {8, 10}, {9, 10}}
4 : {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 7}, {4, 10}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9}}
5 : {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 10}, {4, 7}, {6, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 9}}
6 : {{1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 11}, {4, 7}, {6, 9}, {6, 10}, {6, 11}, {7, 9}, {7, 10}, {8, 9}, {8, 10}, {8, 11},
{9, 10}}
7 : {{1, 4}, {1, 5}, {1, 7}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {6, 9}, {7, 8}, {7, 9}, {7, 10}, {8, 9}, {8, 10}, {9, 10}}
E27 Minimal Twists
1 : {{1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {7, 10}, {8, 10}, {9, 10}}
2 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {3, 11}, {4, 7}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 9}, {8, 10}, {9, 10},
{10, 11}}
3 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 7}, {2, 10}, {3, 4}, {3, 6}, {3, 11}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {8, 10}, {9, 10},
{10, 11}}
4 : {{1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {7, 10}, {8, 10}, {9, 10}}
5 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 11}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 9}, {8, 10}, {9, 10},
{10, 11}}
6 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 7}, {2, 10}, {3, 4}, {3, 6}, {4, 7}, {4, 9}, {4, 11}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {8, 10}, {9, 10},
{10, 11}}
7 : {{1, 8}, {1, 9}, {1, 11}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 8}, {4, 7}, {4, 9}, {4, 11}, {5, 7}, {5, 9}, {6, 7}, {7, 8}, {8, 10}, {9, 10},
{10, 11}}
8 : {{1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {7, 10}, {8, 10}, {9, 10}}
9 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {5, 7}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {7, 9}, {8, 10}, {9, 10},
{10, 11}}
10 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 7}, {2, 10}, {3, 4}, {3, 6}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 9}, {5, 11}, {6, 7}, {6, 8}, {8, 10}, {9, 10},
{10, 11}}
11 : {{1, 7}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 10}, {8, 10}, {9, 10}}
12 : {{1, 8}, {1, 9}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 9}, {7, 11}, {8, 10}, {9, 10},
{10, 11}}
13 : {{1, 8}, {1, 9}, {1, 11}, {2, 3}, {2, 7}, {2, 10}, {3, 4}, {3, 6}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 11}, {8, 10}, {9, 10},
{10, 11}}
14 : {{1, 8}, {1, 9}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 11}, {5, 7}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {10, 11}}
15 : {{1, 8}, {1, 10}, {1, 11}, {2, 8}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 11}, {4, 7}, {4, 10}, {5, 7}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {9, 11}}
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F1 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 7}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
2 : {{1, 4}, {1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 8}, {4, 7}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
3 : {{1, 4}, {1, 5}, {1, 7}, {1, 8}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 9}, {4, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
4 : {{1, 4}, {1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 5}, {3, 10}, {4, 7}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
5 : {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 10}, {4, 6}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {8, 10}, {9, 10}}
6 : {{1, 4}, {1, 5}, {1, 7}, {2, 4}, {2, 5}, {2, 11}, {3, 4}, {3, 5}, {3, 10}, {3, 11}, {4, 6}, {6, 8}, {6, 9}, {7, 8}, {7, 9}, {7, 11}, {8, 10}, {9, 10}}
7 : {{1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 5}, {3, 7}, {3, 10}, {4, 6}, {6, 8}, {7, 8}, {7, 9}, {8, 10}, {9, 10}}
8 : {{1, 4}, {1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {3, 5}, {3, 6}, {3, 10}, {4, 6}, {6, 7}, {7, 8}, {7, 9}, {8, 10}, {9, 10}}
F a1 Minimal Twists
1 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 9}, {5, 6}, {6, 7}, {8, 9}, {8, 10}}
2 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 9}, {4, 6}, {4, 8}, {5, 6}, {6, 7}, {8, 9}, {8, 10}}
3 : {{1, 4}, {1, 5}, {1, 10}, {1, 11}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 9}, {5, 6}, {6, 7}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
4 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {5, 6}, {5, 9}, {6, 7}, {8, 9}, {8, 10}}
5 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 9}, {4, 6}, {5, 6}, {5, 8}, {6, 7}, {8, 9}, {8, 10}}
6 : {{1, 4}, {1, 5}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {5, 6}, {5, 9}, {6, 7}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
7 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {5, 6}, {6, 7}, {6, 9}, {8, 9}, {8, 10}}
8 : {{1, 5}, {1, 8}, {1, 11}, {2, 4}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 5}, {3, 7}, {3, 9}, {4, 6}, {4, 8}, {5, 6}, {6, 7}, {8, 10}, {9, 10}, {9, 11}}
F b1 Minimal Twists
1 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {3, 5}, {3, 6}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}}
2 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {3, 5}, {3, 6}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {8, 9}, {8, 10}}
3 : {{1, 6}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {8, 9}, {8, 10}}
4 : {{1, 6}, {1, 7}, {1, 8}, {1, 9}, {2, 4}, {2, 5}, {2, 8}, {2, 9}, {3, 5}, {3, 6}, {3, 8}, {3, 9}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}}
5 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 9}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {8, 9}, {8, 10}}
6 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {3, 5}, {3, 6}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {8, 9}, {8, 10}}
7 : {{1, 6}, {1, 7}, {1, 9}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {8, 9}, {8, 10}}
8 : {{1, 7}, {1, 8}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 9}, {3, 10}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 8}, {8, 9}}
9 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 6}, {3, 8}, {3, 10}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {8, 9}}
F c1 Minimal Twists
1 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {8, 9}, {8, 10}}
2 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {8, 9}, {8, 10}}
3 : {{1, 6}, {1, 7}, {1, 10}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {4, 9}, {5, 6}, {8, 10}, {8, 11}, {9, 10}, {9, 11}}
4 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {5, 6}, {5, 9}, {8, 9}, {8, 10}}
5 : {{1, 6}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 9}, {4, 6}, {4, 7}, {5, 6}, {5, 8}, {8, 9}, {8, 10}}
6 : {{1, 6}, {1, 7}, {1, 10}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {5, 6}, {5, 9}, {8, 10}, {8, 11}, {9, 10}, {9, 11}}
7 : {{1, 6}, {1, 7}, {1, 10}, {2, 4}, {2, 5}, {2, 10}, {2, 11}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {4, 7}, {5, 6}, {5, 9}, {8, 10}, {8, 11}, {9, 10}, {9, 11}}
8 : {{1, 7}, {1, 8}, {1, 11}, {2, 4}, {2, 5}, {2, 10}, {2, 11}, {3, 5}, {3, 7}, {3, 9}, {4, 6}, {4, 7}, {5, 6}, {6, 8}, {8, 10}, {9, 10}, {9, 11}}
F d1 Minimal Twists
1 : {{1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 4}, {2, 7}, {2, 10}, {2, 11}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 10}, {5, 6}, {6, 7}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
2 : {{1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 4}, {2, 7}, {2, 10}, {2, 11}, {3, 5}, {3, 7}, {3, 10}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
3 : {{1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 4}, {2, 7}, {2, 11}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 10}, {5, 6}, {6, 7}, {8, 11}, {8, 12}, {9, 11}, {9, 12},
{10, 11}, {10, 12}}
4 : {{1, 3}, {1, 4}, {1, 6}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {2, 11}, {3, 5}, {3, 7}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
5 : {{1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 4}, {2, 7}, {2, 10}, {2, 11}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
6 : {{1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 4}, {2, 7}, {2, 10}, {2, 11}, {3, 5}, {3, 7}, {3, 10}, {4, 5}, {5, 6}, {5, 9}, {6, 7}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
7 : {{1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 4}, {2, 7}, {2, 11}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {8, 11}, {8, 12}, {9, 11}, {9, 12},
{10, 11}, {10, 12}}
8 : {{1, 3}, {1, 4}, {1, 6}, {1, 9}, {2, 7}, {2, 8}, {2, 12}, {3, 5}, {3, 7}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {6, 7}, {8, 11}, {9, 11}, {9, 12}, {10, 11},
{10, 12}}
9 : {{1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 7}, {2, 11}, {2, 12}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {6, 7}, {8, 11}, {9, 11}, {9, 12},
{10, 11}, {10, 12}}
10 : {{1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 7}, {2, 11}, {2, 12}, {3, 5}, {3, 7}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {6, 7}, {8, 10}, {9, 11}, {9, 12},
{10, 11}, {10, 12}}
11 : {{1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 4}, {2, 7}, {2, 12}, {3, 5}, {3, 7}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {6, 7}, {8, 11}, {9, 12}, {9, 13}, {10, 12},
{10, 13}, {11, 12}, {11, 13}}
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Appendix D
Minors for Chapter 2
This appendix summarizes the minimal twists and their minors for B1 which are needed for
the proof of Lemmas 2.4.1–2.4.12.
B1 Twist Minors
Below are the minimal twists of B1 and B
a
1 and their minors needed for Lemma 2.4.1.
B1 Minimal Twists
Twist Delete Contract Minor
BTW11 − − B′1
BTW21 {{1, 8}, {1, 9}, {7, 9}} {{1, 2}} D3
BTW31 {{1, 2}, {7, 9}, {8, 9}} {{2, 4}} D3
BTW41 {{3, 7}, {3, 8}, {5, 6}} {{2, 4}} D3
BTW51 {{1, 9}, {3, 4}, {3, 7}} {{3, 9}} D3
BTW61 {{1, 9}, {3, 9}, {4, 7}} {{4, 6}} D3
BTW71 {{3, 5}, {3, 9}, {6, 7}} {{2, 4}} D3
BTW81 {{1, 6}, {2, 5}} − D3
BTW91 − − B′′1
BTW101 − − Ba1
BTW111 − − B′′′1
Ba1 Minimal Twists
Twist Delete Contract Minor
BaTW11 − {{4, 5}} B′1
BaTW21 − {{3, 9}, {5, 6}} B′1
BaTW31 − {{2, 5}, {3, 9}} B′1
BaTW41 − {{2, 5}} B′1
BaTW51 − {{2, 3}, {4, 9}} B′1
BaTW61 {{1, 9}, {1, 10}, {8, 10}} {{1, 2}, {3, 5}} D3
BaTW71 {{1, 2}, {8, 10}, {9, 10}} {{2, 4}, {3, 5}} D3
BaTW81 {{1, 10}, {3, 10}, {4, 7}} {{4, 6}, {7, 8}} D3
BaTW91 {{1, 10}, {3, 4}, {3, 5}} {{3, 10}, {5, 8}} D3
BaTW101 {{3, 10}, {5, 8}, {6, 7}} {{2, 4}, {3, 5}} D3
BaTW111 {{1, 10}, {3, 10}, {4, 8}} {{3, 5}, {4, 5}} D3
BaTW121 {{1, 10}, {3, 10}, {4, 5}} {{4, 7}, {5, 8}} D3
BaTW131 {{3, 6}, {3, 10}, {5, 8}} {{2, 4}, {7, 8}} D3
BaTW141 {{3, 5}, {3, 7}, {6, 8}} {{2, 4}, {3, 10}} D3
BaTW151 {{1, 10}, {3, 10}, {4, 8}} {{3, 5}, {4, 6}} D3
Continued on next page
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Twist Delete Contract Minor
BaTW161 {{1, 7}, {2, 6}} {{3, 6}} D3
BaTW171 − {{5, 6}} B′′1
BaTW181 − {{3, 6}} B′′1
BaTW191 − {{2, 8}} B′′′1
BaTW201 − {{3, 6}} B′′′1
BaTW211 − {{3, 9}} B′′1
C7 Twist Minors
Below are the minimal twists of C7 and their minors needed for Lemma 2.4.2.
C7 Minimal Twists
Twist Delete Contract Minor
CTW17 {{1, 7}, {3, 4}} − D17
CTW27 {{1, 8}, {3, 4}} {{3, 5}} D17
CTW37 {{1, 7}, {3, 4}} − D17
CTW47 {{3, 4}, {6, 9}} {{3, 5}, {6, 10}} D17
CTW57 {{3, 4}, {6, 9}} {{3, 5}, {6, 10}} D17
CTW67 {{3, 4}, {6, 9}} {{3, 5}, {6, 10}} D17
CTW77 {{4, 5}} − D12
CTW87 {{2, 6}, {4, 5}} {{1, 6}, {7, 10}} D3
CTW97 {{2, 7}, {4, 5}} {{3, 7}, {6, 8}} D3
CTW107 {{2, 6}, {4, 5}} {{1, 6}, {7, 10}} D3
CTW117 {{1, 6}, {4, 5}, {9, 12}, {10, 11}} {{2, 6}, {3, 7}, {8, 12}} F1
CTW127 {{1, 6}, {2, 8}, {4, 5}, {9, 10}} {{2, 6}} F1
CTW137 {{1, 6}, {2, 6}, {4, 5}, {10, 11}} {{2, 12}, {3, 7}, {6, 9}} F1
CTW147 {{3, 4}} {{4, 6}} D17
D3 Twist Minors






3 and their minors needed for Lemma
2.4.3.
D3 Minimal Twists
Twist Delete Contract Minor
DTW13 − − Da3
DTW23 {{1, 2}, {6, 8}, {8, 9}} − F1
DTW33 − − D′3
DTW43 {{1, 6}, {6, 8}} − E20
DTW53 {{1, 2}, {6, 8}, {7, 8}} − F1
DTW63 {{1, 2}, {3, 8}, {9, 10}} {{3, 4}} F1
DTW73 − − Db3
Continued on next page
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Twist Delete Contract Minor
DTW83 {{3, 8}, {6, 9}} − E20
DTW93 {{2, 9}, {3, 8}} {{2, 3}} E20
DTW103 − − D′′3
Da3 Minimal Twists
Twist Delete Contract Minor
DaTW13 {{2, 6}} − D′3
DaTW23 {{1, 8}} {{3, 4}} D′3
DaTW33 {{4, 6}} − D′3
DaTW43 {{5, 7}} {{4, 9}} D′3
DaTW53 {{1, 8}} {{3, 4}} D′3
DaTW63 {{4, 6}} − D′3
DaTW73 {{5, 7}} {{5, 9}} D′3
DaTW83 {{1, 9}, {1, 10}, {7, 8}, {8, 10}} {{1, 2}} F1
DaTW93 {{1, 2}, {7, 8}, {8, 10}, {9, 10}} {{2, 4}} F1
DaTW103 {{3, 7}} {{2, 4}, {6, 9}} D′3
DaTW113 {{7, 8}} {{2, 4}, {6, 9}} D′3
DaTW123 {{7, 8}} {{2, 4}, {7, 9}} D′3
DaTW133 {{1, 8}, {1, 10}, {4, 7}, {9, 10}} {{1, 2}} F1
DaTW143 {{1, 10}, {3, 4}, {7, 9}, {8, 10}} {{3, 10}} F1
DaTW153 {{1, 10}, {3, 9}, {4, 7}, {8, 9}} {{4, 5}} F1
DaTW163 {{3, 9}} {{2, 4}, {5, 9}} D′3
DaTW173 {{3, 7}} {{2, 4}, {3, 6}} D′3
DaTW183 {{1, 7}, {2, 6}, {5, 7}} − F1
DaTW193 {{5, 7}} − D′′3
DaTW203 {{5, 7}} − D′′3
DaTW213 {{1, 8}, {2, 6}, {5, 7}} − F1
DaTW223 − {{1, 9}} D′3
DaTW233 − {{1, 9}} D′3
DaTW243 − − Daa3
DaTW253 {{1, 8}, {2, 6}, {5, 7}} − F1
Db3 Minimal Twists
Twist Delete Contract Minor
DbTW13 − {{3, 7}} D′3
DbTW23 − {{3, 10}, {4, 8}} D′3
DbTW33 − {{2, 4}, {3, 10}} D′3
DbTW43 − {{3, 10}, {4, 7}} D′3
DbTW53 − {{3, 7}} D′3
DbTW63 − {{4, 8}, {5, 10}} D′3
DbTW73 − {{2, 4}, {5, 10}} D′3
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Twist Delete Contract Minor
DbTW83 {{1, 10}, {1, 11}, {9, 11}} {{1, 2}, {3, 5}} F1
DbTW93 {{1, 2}, {9, 11}, {10, 11}} {{2, 4}, {3, 5}} F1
DbTW103 {{1, 7}, {2, 8}} {{3, 8}} F1
DbTW113 − {{4, 8}} D′′3
DbTW123 − {{1, 10}} D′′3
DbTW133 − {{3, 10}} D′′3
Daa3 Minimal Twists
Twist Delete Contract Minor
DaaTW13 {{7, 9}} {{4, 7}} D′3
DaaTW23 {{2, 11}} {{1, 11}, {3, 5}, {6, 8}} D′3
DaaTW33 {{3, 5}} {{3, 9}, {5, 8}} D′3
DaaTW43 {{5, 8}} {{3, 6}, {5, 11}, {7, 9}, {8, 12}} D′3
DaaTW53 {{2, 10}} {{2, 11}, {4, 10}, {5, 7}} D′3
DaaTW63 {{2, 10}} {{1, 10}, {3, 5}, {4, 7}} D′3
DaaTW73 {{2, 9}} {{1, 9}, {3, 5}} D′3
DaaTW83 {{7, 9}} {{3, 7}} D′3
DaaTW93 {{2, 11}} {{1, 11}, {3, 5}, {6, 7}} D′3
DaaTW103 {{3, 4}} {{3, 9}, {4, 8}} D′3
DaaTW113 {{5, 8}} {{3, 6}, {4, 7}, {5, 11}, {7, 8}} D′3
DaaTW123 {{2, 10}} {{2, 11}, {4, 10}, {5, 6}} D′3
DaaTW133 {{2, 10}} {{1, 10}, {3, 5}, {4, 6}} D′3
DaaTW143 {{2, 9}} {{1, 9}, {3, 4}} D′3
DaaTW153 {{2, 8}, {3, 5}, {3, 9}, {6, 7}} {{3, 6}} F1
DaaTW163 {{5, 11}} {{3, 6}, {5, 12}, {7, 9}, {8, 11}} D′3
DaaTW173 {{2, 10}, {2, 11}} {{2, 3}, {3, 5}} D′′3
DaaTW183 {{2, 3}, {5, 12}, {6, 8}, {9, 10}} {{3, 6}, {3, 12}, {5, 8}} F1
DaaTW193 {{5, 8}} {{3, 6}, {5, 12}, {7, 9}, {8, 11}} D′3
DaaTW203 {{4, 6}, {7, 8}} {{1, 11}, {3, 5}} D′′3
DaaTW213 {{2, 8}, {3, 9}, {4, 6}, {5, 7}} {{5, 6}} F1
DaaTW223 {{5, 11}} {{3, 6}, {5, 12}, {7, 8}, {10, 11}} D′3
DaaTW233 {{6, 8}} {{1, 11}, {3, 5}, {8, 10}} D′3
DaaTW243 {{7, 11}} {{3, 6}, {5, 12}, {7, 8}, {10, 11}} D′3
DaaTW253 {{5, 10}} {{3, 6}, {5, 12}, {7, 8}, {10, 11}} D′3
DaaTW263 {{2, 11}, {5, 10}} {{5, 6}, {8, 10}} D′′3
DaaTW273 {{2, 7}} {{4, 7}} D′3
DaaTW283 {{1, 2}} {{1, 3}, {3, 5}, {6, 8}} D′3
DaaTW293 {{2, 8}, {3, 4}} {{3, 9}} D′′3
DaaTW303 {{1, 2}, {5, 8}} {{1, 3}, {3, 6}, {5, 11}} D′′3
DaaTW313 {{1, 2}, {4, 6}} {{1, 10}, {4, 10}} D′′3
DaaTW323 {{1, 2}} {{1, 3}, {3, 5}, {4, 7}} D′3
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Twist Delete Contract Minor
DaaTW333 {{1, 2}} {{1, 9}, {3, 5}} D′3
DaaTW343 {{2, 7}} {{3, 7}} D′3
DaaTW353 {{1, 2}} {{1, 3}, {3, 5}, {6, 7}} D′3
DaaTW363 {{1, 2}, {3, 6}, {4, 7}, {5, 7}} {{1, 8}} F1
DaaTW373 {{1, 2}, {5, 10}, {6, 8}, {6, 9}} {{1, 3}, {3, 6}, {4, 7}} F1
DaaTW383 {{1, 2}, {4, 8}, {6, 9}, {7, 9}} {{1, 10}, {3, 5}} F1
DaaTW393 {{1, 2}} {{1, 3}, {3, 5}, {4, 6}} D′3
DaaTW403 {{1, 2}} {{1, 9}, {3, 4}} D′3
DaaTW413 {{1, 2}, {4, 11}, {6, 9}, {7, 8}} {{1, 3}, {4, 6}} F1
DaaTW423 {{1, 2}, {5, 12}, {6, 8}, {9, 10}} {{1, 3}, {3, 6}, {5, 8}} F1
DaaTW433 {{5, 8}, {9, 10}} {{1, 12}, {3, 6}, {4, 7}} D′′3
DaaTW443 {{4, 6}, {7, 8}} {{1, 11}, {3, 5}} D′′3
DaaTW453 {{6, 8}} {{1, 11}, {3, 5}, {8, 10}} D′3
DaaTW463 {{8, 10}} {{1, 12}, {3, 6}, {4, 7}, {10, 11}} D′3
DaaTW473 {{1, 2}, {5, 8}, {5, 9}, {5, 10}} {{1, 3}, {4, 7}, {5, 12}} F1
DaaTW483 {{1, 2}, {4, 6}, {4, 7}, {4, 8}} {{1, 9}, {4, 11}} F1
DaaTW493 {{7, 9}} {{4, 7}} D′3
DaaTW503 {{1, 11}} {{1, 2}, {3, 5}, {6, 8}} D′3
DaaTW513 {{3, 4}, {8, 9}} {{3, 9}} D′′3
DaaTW523 {{1, 11}, {5, 8}} {{1, 2}, {3, 6}, {5, 11}} D′′3
DaaTW533 {{1, 10}, {4, 6}} {{1, 2}, {4, 10}} D′′3
DaaTW543 {{1, 10}} {{1, 2}, {3, 5}, {4, 7}} D′3
DaaTW553 {{1, 9}} {{1, 2}, {3, 5}} D′3
DaaTW563 {{7, 9}} {{3, 7}} D′3
DaaTW573 {{1, 11}} {{1, 2}, {3, 5}, {6, 7}} D′3
DaaTW583 {{1, 9}, {3, 6}, {4, 7}, {5, 7}} {{1, 2}} F1
DaaTW593 {{1, 11}, {5, 10}, {6, 8}, {6, 9}} {{1, 2}, {3, 6}, {4, 7}} F1
DaaTW603 {{1, 10}, {4, 8}, {6, 9}, {7, 9}} {{1, 2}, {3, 5}} F1
DaaTW613 {{1, 10}} {{1, 2}, {3, 5}, {4, 6}} D′3
DaaTW623 {{1, 9}} {{1, 2}, {3, 4}} D′3
DaaTW633 {{1, 11}, {4, 11}, {6, 9}, {7, 8}} {{1, 2}, {4, 6}} F1
DaaTW643 {{1, 12}, {5, 12}, {6, 8}, {9, 10}} {{1, 2}, {3, 6}, {5, 8}} F1
DaaTW653 {{5, 8}, {9, 10}} {{1, 2}, {3, 6}, {4, 7}} D′′3
DaaTW663 {{4, 6}, {7, 8}} {{1, 2}, {3, 5}} D′′3
DaaTW673 {{6, 8}} {{1, 2}, {3, 5}, {8, 10}} D′3
DaaTW683 {{8, 10}} {{1, 2}, {3, 6}, {4, 7}, {10, 11}} D′3
DaaTW693 {{1, 12}, {5, 8}, {5, 9}, {5, 10}} {{1, 2}, {4, 7}, {5, 12}} F1
DaaTW703 {{1, 11}, {4, 6}, {4, 7}, {4, 8}} {{1, 2}, {4, 11}} F1
DaaTW713 {{3, 8}} {{3, 9}} D′′3
DaaTW723 {{1, 3}} {{1, 2}, {3, 11}, {4, 6}} D′′3
DaaTW733 {{3, 8}} {{2, 10}} D′′3
DaaTW743 {{1, 3}} {{1, 2}, {2, 12}, {4, 6}} D′′3
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Twist Delete Contract Minor
DaaTW753 {{3, 8}} {{4, 8}} D′′3
DaaTW763 {{1, 3}} {{1, 2}, {4, 6}, {7, 8}} D′′3
DaaTW773 {{3, 8}} {{4, 8}} D′′3
DaaTW783 {{1, 3}} {{1, 2}, {4, 6}, {7, 8}} D′′3
DaaTW793 − {{4, 10}, {5, 8}} D′3
D9 Twist Minors
Below are the minimal twists of D9 and their minors needed for Lemma 2.4.4.
D9 Minimal Twists
Twist Delete Contract Minor
DTW19 {{2, 8}, {9, 10}} − E11
DTW29 {{3, 9}, {10, 11}} {{1, 11}} E11
DTW39 {{2, 3}, {8, 10}} {{2, 4}} E11
DTW49 {{3, 8}, {8, 10}} {{1, 8}} E11
DTW59 {{4, 5}, {5, 7}} {{5, 9}} E22
DTW69 {{8, 10}, {9, 10}} {{2, 10}} E11
DTW79 {{5, 7}, {5, 9}} {{4, 5}} E22
DTW89 {{1, 8}, {9, 10}} {{1, 9}, {1, 11}} E22
DTW99 {{8, 10}, {9, 10}} {{2, 10}, {10, 11}} E22
DTW109 {{10, 12}, {11, 12}} {{2, 12}, {3, 12}} E27
DTW119 {{1, 11}, {2, 12}} {{1, 2}, {1, 10}} E27
DTW129 {{1, 11}, {10, 12}} {{1, 2}, {3, 12}, {8, 11}} E22
DTW139 {{1, 2}, {11, 12}} {{1, 10}, {2, 4}, {8, 11}} E22
DTW149 {{3, 9}} {{3, 5}} E11
DTW159 {{1, 8}} {{1, 9}, {6, 11}} E22
DTW169 {{1, 10}} {{1, 8}} E11
D12 Twist Minors
Below are the minimal twists of D12 and their minors needed for Lemma 2.4.5.
D12 Minimal Twists
Twist Delete Contract Minor
DTW112 {{2, 8}, {7, 9}} − E20
DTW212 {{3, 5}, {4, 8}} {{2, 6}} F ′1
DTW312 {{3, 8}} {{1, 10}, {6, 8}} D17
DTW412 {{3, 7}, {4, 5}} {{2, 4}} F ′1
DTW512 {{2, 3}, {4, 7}} − E22
DTW612 {{3, 5}, {3, 8}} {{2, 3}} F ′1
DTW712 {{1, 7}} {{1, 6}} D17
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Twist Delete Contract Minor
DTW812 {{1, 10}} {{1, 7}, {6, 10}} D17
DTW912 {{4, 6}, {9, 11}} {{3, 8}, {6, 9}} E20
DTW1012 {{4, 6}, {10, 11}} {{3, 6}, {8, 10}} E20
DTW1112 {{4, 5}, {9, 11}} {{3, 5}, {8, 9}} E20
DTW1212 {{1, 8}} {{1, 7}} E20
DTW1312 {{3, 9}} {{3, 10}} E20
DTW1412 {{3, 4}} {{1, 10}} E22
E3 Twist Minors








3 , and E
bb
3 and their minors needed for
Lemma 2.4.6.
E3 Minimal Twists
Twist Delete Contract Minor
ETW13 − − Ea3
ETW23 {{4, 6}} − E5
ETW33 {{1, 8}, {3, 8}} {{7, 8}} F1
ETW43 − − Eb3
Ea3 Minimal Twists
Twist Delete Contract Minor
EaTW13 − − Eaa3
EaTW23 {{4, 5}, {4, 6}} − E5
EaTW33 {{1, 8}, {3, 8}, {4, 5}} {{7, 8}} F1
EaTW43 {{4, 5}} − Eb3
Eaa3 Minimal Twists
Twist Delete Contract Minor
EaaTW13 − − E′3
EaaTW23 {{6, 7}} {{4, 6}} D′3
EaaTW33 {{1, 7}, {2, 7}, {3, 7}} − E18
EaaTW43 {{6, 8}} {{6, 7}} D′3
EaaTW53 {{1, 8}, {3, 8}, {7, 8}, {9, 10}} {{8, 9}} F1
EaaTW63 {{7, 8}} {{4, 7}, {6, 8}} D′3
EaaTW73 − {{1, 5}} D′3
EaaTW83 {{2, 8}, {3, 8}} {{4, 6}} E18
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Eb3 Minimal Twists
Twist Delete Contract Minor
EbTW13 − − Eba3
EbTW23 {{4, 6}} − E5
EbTW33 {{2, 8}, {3, 8}} {{6, 8}} F1
EbTW43 − − Ebb3
Eba3 Minimal Twists
Twist Delete Contract Minor
EbaTW13 − {{1, 5}} D′3
EbaTW23 − {{1, 9}, {6, 10}} D′3
EbaTW33 − {{1, 5}, {4, 6}} D′3
EbaTW43 {{2, 7}, {3, 7}} {{8, 9}} E18
EbaTW53 − {{1, 9}, {6, 10}} D′3
EbaTW63 − {{6, 7}, {9, 10}} D′3
EbaTW73 {{1, 8}, {6, 7}} − E5
EbaTW83 {{1, 7}, {2, 7}, {6, 7}} {{7, 8}} F1
EbaTW93 − − E′′3
EbaTW103 {{6, 10}} {{4, 6}} D′′3
EbaTW113 − {{4, 6}, {8, 9}} D′3
EbaTW123 {{4, 7}, {8, 9}} {{1, 8}, {2, 11}} E5
EbaTW133 {{2, 11}, {3, 9}, {7, 8}} {{3, 11}, {7, 9}} F1
EbaTW143 {{7, 8}} {{1, 5}} E5
EbaTW153 {{3, 5}, {7, 8}} {{1, 5}} F1
EbaTW163 {{3, 8}} {{4, 6}, {9, 10}} E18
EbaTW173 − {{2, 5}} D′′3
Ebb3 Minimal Twists
Twist Delete Contract Minor
EbbTW13 {{1, 6}} {{3, 10}} E5
EbbTW23 {{1, 9}, {2, 9}} {{6, 11}, {9, 11}} F1
EbbTW33 {{4, 6}} {{1, 9}, {3, 8}} E5
EbbTW43 − {{3, 5}} D′′3
EbbTW53 − {{1, 9}, {3, 5}} D′′3
EbbTW63 {{4, 6}} {{1, 7}, {3, 11}} E5
EbbTW73 {{4, 6}} {{3, 11}, {6, 7}} E5
EbbTW83 {{2, 9}} {{6, 7}, {8, 10}} E18
EbbTW93 {{4, 6}} {{1, 7}, {6, 8}} E5
EbbTW103 − {{3, 11}, {4, 6}} E5
EbbTW113 {{1, 5}} {{1, 7}, {2, 5}} F1
EbbTW123 − {{4, 6}, {7, 8}, {9, 11}} E18
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E5 Twist Minors
Below are the minimal twists of E5 and E
a
5 and their minors needed for Lemma 2.4.7.
E5 Minimal Twists
Twist Delete Contract Minor
ETW15 − − E′5
ETW25 {{1, 6}, {4, 7}} {{2, 6}} F1
ETW35 − − Ea5
ETW45 − − Eb5
ETW55 {{1, 5}, {3, 4}} {{2, 5}} F1
ETW65 {{1, 5}, {2, 4}} {{2, 5}, {2, 6}} F1
ETW75 {{1, 4}, {3, 4}} {{2, 4}} F1
ETW85 {{3, 8}, {4, 7}} {{1, 8}} F1
ETW95 {{3, 5}} {{1, 5}} F1
ETW105 − − E′′5
Ea5 Minimal Twists
Twist Delete Contract Minor
EaTW15 {{4, 7}} {{1, 7}} D3
EaTW25 {{2, 3}, {3, 7}, {5, 8}} {{3, 6}} F1
EaTW35 {{2, 5}} {{1, 10}, {2, 3}} D3
EaTW45 {{2, 7}} − E′5
EaTW55 {{1, 7}, {8, 9}} {{1, 8}, {1, 10}} E18
EaTW65 {{2, 9}} {{2, 3}, {4, 6}} D3
EaTW75 {{1, 6}, {1, 7}} {{1, 8}} E18
EaTW85 {{5, 10}} {{3, 11}, {4, 6}, {5, 8}} D3
EaTW95 {{5, 9}} {{5, 10}, {7, 9}} E′5
EaTW105 {{1, 10}, {9, 11}} {{1, 2}, {3, 11}, {6, 10}} E18
EaTW115 {{5, 9}} {{6, 10}, {7, 9}} E′5
EaTW125 {{2, 7}, {5, 8}} {{2, 8}} F1
EaTW135 {{1, 7}} {{1, 8}, {4, 10}} E18
EaTW145 − {{1, 10}} E′5
E11 Twist Minors
Below are the minimal twists of E11 and their minors needed for Lemma 2.4.8.
E11 Minimal Twists
Twist Delete Contract Minor
ETW111 {{2, 8}} {{2, 6}} E22
ETW211 {{4, 9}} {{2, 4}, {6, 7}} F ′1
ETW311 {{3, 5}} {{1, 11}, {5, 8}} E20
ETW411 {{3, 9}, {8, 10}} − F4
Continued on next page
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Twist Delete Contract Minor
ETW511 {{6, 9}} {{2, 5}, {6, 7}} F ′1
ETW611 {{4, 9}} {{1, 11}, {5, 9}} E20
ETW711 {{4, 8}} {{2, 6}, {4, 7}} F ′1
ETW811 {{1, 8}} {{1, 7}} E20
ETW911 {{9, 10}} {{1, 11}, {2, 10}} E20
ETW1011 {{1, 11}} {{1, 8}, {5, 11}} E20
ETW1111 {{2, 8}} {{2, 4}} E22
ETW1211 {{6, 9}} {{2, 4}, {6, 7}} F ′1
ETW1311 {{10, 12}} {{1, 10}, {3, 12}, {5, 9}} E22
ETW1411 {{1, 9}} {{1, 8}} F4
ETW1511 − {{1, 11}, {3, 7}} E22
ETW1611 {{4, 10}} {{4, 7}} F4
E19 Twist Minors
Below are the minimal twists of E19 and their minors needed for Lemma 2.4.9.
E19 Minimal Twists
Twist Delete Contract Minor
ETW119 {{2, 8}} − E20
ETW219 {{2, 8}} − E20
ETW319 {{7, 9}} {{7, 10}} E20
ETW419 {{8, 9}} − E27
ETW519 {{4, 7}, {8, 9}} {{3, 10}} F1
ETW619 {{6, 11}, {9, 10}} {{1, 6}, {8, 11}} F1
ETW719 − {{2, 5}} E20
E27 Twist Minors
Below are the minimal twists of E27 and their minors needed for Lemma 2.4.10.
E27 Minimal Twists
Twist Delete Contract Minor
ETW127 {{8, 10}} {{1, 8}} E22
ETW227 {{8, 10}} {{1, 8}, {2, 10}} E22
ETW327 {{5, 7}} {{1, 11}, {5, 8}} E20
ETW427 {{3, 9}, {8, 10}} − F4
ETW527 {{4, 7}} {{2, 5}, {3, 4}} F ′1
ETW627 {{4, 9}} {{1, 11}, {5, 9}} E20
ETW727 {{2, 5}} {{2, 6}, {5, 7}} F ′1
ETW827 {{1, 8}} {{1, 7}} E20
ETW927 {{9, 10}} {{1, 11}, {2, 10}} E20
Continued on next page
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Twist Delete Contract Minor
ETW1027 {{1, 11}} {{1, 8}, {5, 11}} E20
ETW1127 {{6, 8}} {{2, 8}} E22
ETW1227 {{4, 7}} {{2, 4}, {2, 5}} F ′1
ETW1327 {{5, 7}} {{1, 11}, {5, 8}} E20
ETW1427 {{1, 9}} {{1, 8}} F4
ETW1527 − {{2, 9}, {3, 11}} E22
F1 Twist Minors








1 and their minors needed for Lemma
2.4.11.
F1 Minimal Twists
Twist Delete Contract Minor
FTW11 − − F ′1
FTW21 {{1, 8}} − F4
FTW31 − − F a1
FTW41 − − E27
FTW51 − − F b1
FTW61 − − F d1
FTW71 − − F ′′1
FTW81 − − F c1
F a1 Minimal Twists
Twist Delete Contract Minor
F aTW11 {{1, 4}} {{1, 5}} F ′1
F aTW21 {{1, 4}} {{1, 5}} F ′1
F aTW31 {{1, 4}, {2, 4}} {{2, 7}} F4
F aTW41 {{1, 9}} {{1, 10}} F ′1
F aTW51 {{1, 5}} {{5, 8}} F ′1
F aTW61 {{1, 5}} {{1, 4}, {5, 9}} F ′1
F aTW71 {{5, 6}} {{1, 5}} F ′1
F aTW81 − {{1, 5}, {8, 10}} F ′1
F b1 Minimal Twists
Twist Delete Contract Minor
F bTW11 {{2, 4}} − F ′1
F bTW21 {{1, 6}, {3, 5}} − F4
F bTW31 {{2, 4}} {{4, 8}} F ′1
F bTW41 {{3, 5}} − F ′1
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Twist Delete Contract Minor
F bTW51 {{3, 5}} {{3, 6}} F ′1
F bTW61 {{2, 5}} {{2, 4}} F ′1
F bTW71 {{2, 5}} {{2, 4}} F ′1
F bTW81 − {{1, 10}} F ′1
F bTW91 − {{3, 10}} F ′1
F c1 Minimal Twists
Twist Delete Contract Minor
F cTW11 − {{3, 7}} F ′1
F cTW21 − {{3, 7}} F ′1
F cTW31 {{1, 7}} {{3, 7}} F4
F cTW41 − {{3, 7}} F ′1
F cTW51 − {{3, 7}} F ′1
F cTW61 {{2, 5}} {{2, 4}} F ′′1
F cTW71 {{2, 5}} {{2, 4}} F ′′1
F cTW81 − {{3, 5}} F ′′1
F d1 Minimal Twists
Twist Delete Contract Minor
F dTW11 {{1, 4}, {2, 4}} {{4, 5}} F4
F dTW21 {{1, 4}, {8, 10}} {{1, 8}} F4
F dTW31 {{1, 3}, {1, 4}} {{1, 6}, {4, 5}} F4
F dTW41 {{1, 4}, {2, 4}} {{4, 5}} F4
F dTW51 {{1, 4}, {2, 4}} {{4, 5}} F4
F dTW61 {{3, 7}} {{2, 7}} E27
F dTW71 {{1, 3}, {1, 4}} {{1, 6}, {2, 4}} F4
F dTW81 {{1, 4}} {{2, 12}, {4, 5}} F4
F dTW91 {{1, 4}} {{1, 6}, {2, 4}} E27
F dTW101 {{1, 4}, {2, 11}, {3, 8}} {{1, 8}, {2, 4}} G1
F dTW111 {{1, 4}, {3, 8}, {10, 12}} {{1, 8}, {2, 4}, {10, 13}} G1
G1 Twist Minors
Below are the minimal twists of G1 and their minors needed for Lemma 2.4.12.
G1 Minimal Twists
Twist Delete Contract Minor
GTW11 − − G′1
GTW21 − − F4
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Appendix E
Graphs for Chapter 3
This appendix contains the edge lists for the vertex splits, edge additions, and edge splits of
A2, B7, C4, C7, and D17 needed for the proof of Lemmas 3.3.1–3.3.5.
A2 Vertex Splits
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
2 : {{1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
3 : {{1, 3}, {1, 4}, {1, 5}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}, {6, 8}}
4 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
5 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {7, 8}}
6 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}}
A2 Edge Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
B7 Vertex Splits
1 : {{1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
3 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
5 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
6 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
8 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}}
9 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
10 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
11 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
12 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
13 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
14 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
15 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
B7 Edge Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 7}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
3 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 3}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 5}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
C4 Vertex Splits
1 : {{1, 5}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
2 : {{1, 3}, {1, 5}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 10}, {7, 9}, {8, 9}}
3 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
4 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
5 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9},
{8, 9}}
7 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}, {8, 10}}
8 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}, {8, 10}}
C4 Edge Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
2 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 7}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
3 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
4 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
5 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 7}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
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C7 Vertex Splits
1 : {{1, 4}, {1, 5}, {1, 9}, {2, 3}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 3}, {1, 5}, {1, 9}, {2, 3}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 6}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
3 : {{1, 3}, {1, 4}, {1, 9}, {2, 3}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
5 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
6 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 3}, {2, 5}, {2, 9}, {3, 4}, {3, 6}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
8 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 6}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}, {7, 9}, {8, 9}}
C7 Edge Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 5}, {3, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
C7 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 3}, {2, 4}, {2, 5}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
D17 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
D17 Edge Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
12 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
13 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
14 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
15 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
16 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
17 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
18 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
19 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
20 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
21 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
22 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
23 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
24 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
25 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
26 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
27 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
28 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
29 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
30 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
31 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
32 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
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33 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
34 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
35 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
36 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {4, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
37 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
38 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
39 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
40 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
41 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
42 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
43 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 7}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
44 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
45 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 5}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
46 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
47 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 7}, {2, 8}, {3, 4}, {3, 5}, {3, 8}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
48 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7},
{6, 8}, {7, 8}}
D17 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
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Appendix F
Minors for Chapter 3
This appendix summarizes the vertex splits, edge additions, and edge splits and their minors
for A2, B7, C3, C4, and D17 which are needed in the proof of Lemmas 3.3.1–3.3.5.
A2 Minors
Below are the vertex splits and edge additions of A2 and their minors needed for Lemma
3.3.1.
A2 Vertex Splits
Vertex Split Delete Contract Minor
AVS12 = A2 + (1→ {2, 3}) {{2, 3}} − B7
AVS22 = A2 + (1→ {2, 4}) {{1, 6}, {2, 4}, {2, 7}} − D3
AVS32 = A2 + (1→ {2, 6}) {{1, 3}, {4, 5}, {5, 7}} − D3
AVS42 = A2 + (4→ {1, 2}) {{1, 2}, {1, 6}, {2, 7}} − D3
AVS52 = A2 + (4→ {1, 7}) {{2, 3}, {2, 5}, {3, 6}, {5, 6}} − E3
AVS62 = A2 + (4→ {1, 2, 3}) {{1, 5}, {3, 7}} − C7
AVS72 = A2 + (4→ {1, 2, 6}) {{1, 2}, {1, 6}, {3, 7}, {5, 7}} − E18
A2 Edge Additions
Edge Addition Delete Contract Minor
AEA12 = A2 + {1, 7} {{2, 3}, {5, 6}} − B1
B7 Minors
Below are the vertex splits and edge additions of B7 and their minors needed for Lemma
3.3.2.
B7 Vertex Splits
Vertex Split Delete Contract Minor
BVS17 = B7 + (1→ {2, 3}) {{5, 6}, {6, 7}} {{3, 8}} D3
BVS27 = B7 + (1→ {2, 6}) {{2, 6}} − C3
BVS37 = B7 + (2→ {1, 4}) {{5, 6}, {5, 7}, {6, 7}} − E22
BVS47 = B7 + (2→ {1, 5}) {{1, 5}, {2, 7}} {{3, 4}} D3
BVS57 = B7 + (2→ {1, 6}) {{1, 6}} − C3
BVS67 = B7 + (2→ {1, 7}) {{1, 5}, {2, 5}} {{3, 4}} D3
BVS77 = B7 + (2→ {5, 6}) {{2, 4}, {5, 6}, {5, 7}, {6, 8}} − F1
BVS87 = B7 + (2→ {6, 7}) {{6, 7}} − C4
Continued on next page
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B7 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
BVS97 = B7 + (5→ {1, 2}) {{1, 2}, {2, 7}} {{3, 4}} D3
BVS107 = B7 + (5→ {1, 4}) {{1, 6}, {4, 7}} {{3, 8}} D3
BVS117 = B7 + (5→ {1, 7}) {{2, 4}, {6, 8}} {{1, 9}} D3
BVS127 = B7 + (5→ {2, 6}) {{2, 4}, {2, 6}, {5, 7}, {6, 8}} − F1
BVS137 = B7 + (5→ {1, 2, 4}) {{2, 6}} {{1, 3}} C7
BVS147 = B7 + (5→ {1, 2, 7}) {{1, 2}, {2, 7}, {6, 8}} {{1, 3}} E18
BVS157 = B7 + (5→ {1, 4, 8}) {{1, 2}, {2, 7}, {5, 6}, {7, 8}} − F1
B7 Edge Additions
Edge Addition Delete Contract Minor
BEA17 = B7 + {1, 4} − {{3, 8}} A2
BEA27 = B7 + {1, 7} {{2, 6}} {{1, 3}} B1
BEA37 = B7 + {2, 3} {{6, 7}} {{3, 8}} B1
BEA47 = B7 + {3, 5} − − B+7
C4 Minors
Below are the vertex splits and edge additions of C4 and their minors needed for Lemma
3.3.3.
C4 Vertex Splits
Vertex Split Delete Contract Minor
CVS14 = C4 + (1→ {2, 3}) {{5, 6}} {{2, 7}, {3, 8}} D3
CVS24 = C4 + (1→ {2, 6}) − {{7, 9}} C3
CVS34 = C4 + (5→ {1, 2}) {{1, 2}} {{3, 4}, {6, 7}} D3
CVS44 = C4 + (5→ {1, 4}) {{1, 6}, {4, 9}, {5, 8}} {{3, 8}} F1
CVS54 = C4 + (5→ {1, 9}) {{2, 4}, {6, 8}, {5, 10}} {{1, 10}} F1
CVS64 = C4 + (5→ {1, 2, 4}) − {{1, 3}, {7, 9}} C7
CVS74 = C4 + (5→ {1, 2, 8}) {{1, 2}, {4, 9}, {5, 10}} {{2, 4}} F1
CVS84 = C4 + (5→ {1, 4, 8}) {{1, 2}, {4, 9}, {5, 10}} {{2, 4}} F1
C4 Edge Additions
Edge Addition Delete Contract Minor
CEA14 = C4 + {1, 4} − {{3, 8}} B7
CEA24 = C4 + {1, 7} − {{1, 3}, {7, 9}} B1
CEA34 = C4 + {1, 9} − {{1, 3}, {7, 9}} B1
CEA44 = C4 + {3, 5} {{1, 5}, {4, 5}, {5, 8}} − E22
CEA54 = C4 + {3, 7} {{1, 5}, {4, 5}, {5, 8}} − E22
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C7 Minors
Below are the vertex splits, edge additions, and edge splits of C7 and their minors needed
for Lemma 3.3.4.
C7 Vertex Splits
Vertex Split Delete Contract Minor
CVS17 = C7 + (1→ {2, 3}) {{2, 3}} {{3, 6}} D3
CVS27 = C7 + (1→ {2, 4}) {{2, 4}, {5, 6}, {7, 8}} − F1
CVS37 = C7 + (1→ {2, 5}) {{2, 5}, {3, 4}} − E19
CVS47 = C7 + (3→ {1, 2}) {{1, 2}} {{3, 6}} D3
CVS57 = C7 + (3→ {1, 4}) {{1, 4}, {2, 5}} − E19
CVS67 = C7 + (4→ {1, 2}) {{1, 2}, {5, 6}, {7, 8}} − F1
CVS77 = C7 + (4→ {1, 3}) {{1, 3}, {2, 5}} − E19
CVS87 = C7 + (4→ {1, 7}) {{1, 5}} {{1, 9}} D17
CVS97 = C7 + (4→ {3, 7}) {{1, 2}} − D12
CVS107 = C7 + (4→ {7, 8}) {{5, 6}, {7, 8}} − E19
C7 Edge Additions
Edge Addition Delete Contract Minor
CEA17 = C7 + {1, 6} − − C+7
CEA27 = C7 + {1, 7} {{1, 5}, {4, 7}} − D17
CEA37 = C7 + {3, 5} {{5, 6}, {7, 8}} − D3
CEA47 = C7 + {4, 5} − {{3, 6}} B1
CEA57 = C7 + {{1, 6}, {2, 6}} {{1, 5}, {5, 6}, {7, 8}} − D3
CEA67 = C7 + {{1, 6}, {3, 7}} {{1, 5}, {3, 6}, {4, 7}} − D17
C7 Edge Splits
Edge Split Delete Contract Minor
CES17 = C7 + (3, {7, 8}) {{1, 2}, {3, 4}, {4, 7}, {5, 6}} − F1
D17 Minors
Below are the vertex splits, edge additions, and edge splits of D17 and their minors needed
for Lemma 3.3.5.
D17 Vertex Splits
Vertex Split Delete Contract Minor
DVS117 = D17 + (1→ {2, 3}) {{2, 3}} − E20
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D17 Edge Additions
Edge Addition Delete Contract Minor
DEA117 = D17 + {1, 5} − − −
DEA217 = D17 + {{1, 5}, {1, 6}} − − −
DEA317 = D17 + {{1, 5}, {2, 6}} − − −
DEA417 = D17 + {{1, 5}, {2, 7}} − − −
DEA517 = D17 + {{1, 5}, {3, 7}} − − −
DEA617 = D17 + {{1, 5}, {1, 6}, {1, 8}} − − −
DEA717 = D17 + {{1, 5}, {1, 6}, {2, 5}} − − −
DEA817 = D17 + {{1, 5}, {1, 6}, {2, 7}} − − −
DEA917 = D17 + {{1, 5}, {1, 6}, {3, 6}} {{3, 5}} {{2, 8}} B1
DEA1017 = D17 + {{1, 5}, {1, 6}, {3, 7}} − − −
DEA1117 = D17 + {{1, 5}, {1, 6}, {3, 8}} {{1, 4}, {2, 3}, {3, 5}} − D3
DEA1217 = D17 + {{1, 5}, {2, 6}, {3, 7}} {{1, 3}, {2, 4}, {5, 7}, {6, 8}} − E18
DEA1317 = D17 + {{1, 5}, {2, 6}, {3, 8}} − − −
DEA1417 = D17 + {{1, 5}, {2, 7}, {3, 8}} − {{4, 6}} A2
DEA1517 = D17 + {{1, 5}, {1, 6}, {1, 8}, {2, 5}} {{1, 4}, {2, 8}} {{4, 6}} B1
DEA1617 = D17 + {{1, 5}, {1, 6}, {1, 8}, {2, 7}} − − −
DEA1717 = D17 + {{1, 5}, {1, 6}, {2, 5}, {2, 6}} − − −
DEA1817 = D17 + {{1, 5}, {1, 6}, {2, 5}, {2, 7}} {{1, 4}, {1, 7}} {{4, 6}} B1
DEA1917 = D17 + {{1, 5}, {1, 6}, {2, 5}, {3, 7}} − − −
DEA2017 = D17 + {{1, 5}, {1, 6}, {2, 5}, {3, 8}} {{1, 4}, {2, 3}, {2, 5}, {3, 5}} − D3
DEA2117 = D17 + {{1, 5}, {1, 6}, {2, 5}, {4, 8}} {{2, 4}, {4, 6}} {{4, 8}} B1
DEA2217 = D17 + {{1, 5}, {1, 6}, {2, 7}, {3, 6}} {{3, 5}, {7, 8}} {{2, 8}} B1
DEA2317 = D17 + {{1, 5}, {1, 6}, {2, 7}, {3, 8}} {{1, 4}, {2, 3}, {2, 7}, {3, 5}} − D3
DEA2417 = D17 + {{1, 5}, {1, 6}, {3, 6}, {3, 7}} {{1, 5}, {1, 7}} {{2, 8}} B1
DEA2517 = D17 + {{1, 5}, {1, 6}, {3, 6}, {4, 7}} {{3, 4}, {5, 7}} {{2, 8}} B1
DEA2617 = D17 + {{1, 5}, {1, 6}, {3, 7}, {3, 8}} {{5, 6}, {6, 7}} {{6, 8}} B1
DEA2717 = D17 + {{1, 5}, {1, 6}, {3, 7}, {4, 8}} {{1, 3}, {2, 4}, {3, 5}, {4, 6}} − D3
DEA2817 = D17 + {{1, 5}, {1, 6}, {3, 8}, {4, 8}} {{1, 3}, {2, 4}, {3, 8}, {4, 6}} − D3
DEA2917 = D17 + {{1, 5}, {2, 6}, {3, 7}, {4, 8}} {{1, 3}, {2, 4}, {4, 8}, {5, 7}, {6, 8}} − E18
DEA3017 = D17 + {{1, 5}, {2, 6}, {3, 8}, {4, 7}} − − −
DEA3117 = D17+ {{1, 3}, {2, 3}, {2, 8}} {{3, 4}} B1
{{1, 5}, {1, 6}, {1, 8}, {2, 5}, {2, 6}}
DEA3217 = D17+ {{1, 4}, {1, 7}, {1, 8}} {{4, 6}} B1
{{1, 5}, {1, 6}, {1, 8}, {2, 5}, {2, 7}}
DEA3317 = D17+ {{1, 2}, {2, 3}, {2, 8}} {{2, 4}} B1
{{1, 5}, {1, 6}, {1, 8}, {2, 5}, {3, 6}}
DEA3417 = D17+ {{1, 4}, {2, 3}, {7, 8}} {{4, 6}} B1
{{1, 5}, {1, 6}, {1, 8}, {2, 5}, {3, 7}}
DEA3517 = D17+ {{1, 2}, {1, 3}, {1, 4}} {{4, 6}} B1
{{1, 5}, {1, 6}, {1, 8}, {2, 5}, {3, 8}}
DEA3617 = D17+ {{1, 2}, {4, 6}, {5, 8}} {{2, 8}} B1
{{1, 5}, {1, 6}, {1, 8}, {2, 5}, {4, 5}}
Continued on next page
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D17 Edge Additions – continued from previous page
Edge Addition Delete Contract Minor
DEA3717 = D17+ {{1, 4}, {2, 8}, {4, 6}} {{4, 7}} B1
{{1, 5}, {1, 6}, {1, 8}, {2, 5}, {4, 7}}
DEA3817 = D17+ {{1, 3}, {1, 5}, {3, 5}} {{3, 7}} B1
{{1, 5}, {1, 6}, {2, 5}, {2, 6}, {3, 7}}
DEA3917 = D17+ {{1, 2}, {1, 7}, {2, 3}} {{2, 4}} B1
{{1, 5}, {1, 6}, {2, 5}, {2, 7}, {3, 6}}
DEA4017 = D17+ {{1, 2}, {1, 4}, {2, 3}} {{4, 6}} B1
{{1, 5}, {1, 6}, {2, 5}, {2, 7}, {3, 7}}
DEA4117 = D17+ {{1, 3}, {1, 4}, {7, 8}} {{4, 6}} B1
{{1, 5}, {1, 6}, {2, 5}, {2, 7}, {3, 8}}
DEA4217 = D17+ {{1, 4}, {1, 7}, {6, 8}} {{4, 6}} B1
{{1, 5}, {1, 6}, {2, 5}, {2, 7}, {4, 8}}
DEA4317 = D17+ {{2, 4}, {3, 7}, {4, 6}} {{4, 8}} B1
{{1, 5}, {1, 6}, {2, 5}, {3, 7}, {4, 8}}
DEA4417 = D17+ {{1, 2}, {1, 3}, {2, 3}, {5, 8}, {6, 8}} − D3
{{1, 5}, {1, 6}, {2, 5}, {3, 8}, {4, 7}}
DEA4517 = D17+ {{1, 2}, {1, 3}, {4, 6}} {{1, 4}} B1
{{1, 5}, {1, 6}, {2, 5}, {3, 8}, {4, 8}}
DEA4617 = D17+ {{1, 2}, {1, 7}, {2, 3}} {{2, 4}} B1
{{1, 5}, {1, 6}, {2, 7}, {3, 6}, {4, 5}}
DEA4717 = D17+ {{1, 2}, {2, 8}, {3, 4}, {3, 5}, {4, 6}} − D3
{{1, 5}, {1, 6}, {2, 7}, {3, 8}, {4, 8}}
DEA4817 = D17+ {{1, 2}, {1, 4}, {7, 8}} {{2, 8}} B1
{{1, 5}, {1, 6}, {3, 6}, {3, 7}, {4, 5}}
D17 Edge Splits
Edge Split Delete Contract Minor
DES117 = D17 + (1, {5, 6}) {{7, 8}} − D12
137
Appendix G
Graphs for Chapter 5
This appendix contains the edge lists for the vertex splits, edge splits, triad additions, theta
extensions, and handcuff extensions of A2, B7, C3, C4, D2, D17, D
a




























































1 needed for the proof of Lemmas 5.2.1–5.2.16 and
the vertex splits and edge additions of Q, Q′, Qg and Qh needed for the proof of Lemma
5.3.3.
Chapter 5 Auxiliary Graphs
Da17 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
Ea18 = {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
Eb18 = {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}}
Ec18 = {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}}
Ed18 = {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8}}
Ee18 = {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11}, {8, 11}}
E
f
18 = {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}}
B′′a1 = {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
B′′′a1 = {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9}}
B′′′b1 = {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9}}
B′′′c1 = {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9}}
B′′′d1 = {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {6, 8}, {7, 8}, {7, 10},
{8, 9}, {8, 10}}
E′a5 = {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10}}
E′b5 = {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10}}
E′c5 = {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{8, 11}}
E′d5 = {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12}, {8, 9},
{8, 10}, {8, 11}}
F ′′a1 = {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10}}
F ′′b1 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10}}
F ′′c1 = {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {9, 10}}
F ′′d1 = {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}}
F ′′e1 = {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {10, 12}}
F
′′f




1 = {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}}
F ′′h1 = {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
Q = {{1, 2}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 11},
{6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
Q′ = {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}}
Qa = {{1, 7}, {1, 12}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {11, 13}}
Qb = {{1, 7}, {1, 11}, {1, 12}, {1, 13}, {2, 3}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {11, 13}}
Qc = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 11}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qd = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 5}, {3, 12}, {3, 13}, {4, 9}, {4, 10}, {4, 12}, {4, 13}, {5, 6}, {5, 12}, {5, 13},
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{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}}
Qe = {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qf = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qg = {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qh = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qi = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 5}, {3, 12}, {3, 13}, {4, 9}, {4, 10}, {4, 12}, {4, 13}, {5, 6}, {5, 12}, {5, 13},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qj = {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 14}, {6, 7}, {6, 8},
{6, 14}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 13}}
Qk = {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 14}, {9, 10}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
Ql = {{1, 2}, {1, 7}, {1, 11}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 14}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
Qm = {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 14}, {3, 4}, {3, 5}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
Qn = {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qo = {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 14}, {5, 6}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
Qp = {{1, 2}, {1, 7}, {1, 11}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 14}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
Qq = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 14}, {6, 7}, {6, 8},
{6, 14}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
Qr = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 14}, {3, 4}, {3, 5}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
Qs = {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
Qt = {{1, 2}, {1, 7}, {1, 11}, {1, 14}, {2, 3}, {2, 11}, {2, 12}, {3, 5}, {3, 12}, {3, 13}, {4, 9}, {4, 10}, {4, 12}, {4, 13}, {5, 6}, {5, 12}, {5, 13},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 14}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
Qu = {{1, 2}, {1, 7}, {1, 11}, {1, 14}, {2, 3}, {2, 11}, {2, 14}, {3, 5}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 13},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 14}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 14}, {13, 14}}
Qv = {{1, 2}, {1, 7}, {1, 11}, {1, 14}, {2, 3}, {2, 11}, {2, 14}, {3, 5}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 13},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 14}, {8, 9}, {8, 15}, {9, 10}, {9, 15}, {10, 11}, {10, 15}, {11, 15}, {12, 15}, {13, 14}, {14, 15}}
A2 Vertex Splits
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
2 : {{1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
3 : {{1, 3}, {1, 4}, {1, 5}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}, {6, 8}}
4 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
5 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 6}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {7, 8}}
6 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 6}, {3, 7}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}}
B7 Vertex Splits
1 : {{1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
3 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
5 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
6 : {{1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
8 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 9}}
9 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
10 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
11 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
12 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
13 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
14 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
15 : {{1, 2}, {1, 3}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
B7 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8},
{7, 9}}
2 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8},
{8, 9}}
3 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8},
{7, 8}}
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4 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
C3 Vertex Splits
1 : {{1, 3}, {1, 4}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
2 : {{1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {6, 10}, {7, 8}, {8, 9}}
3 : {{1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
6 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {6, 10}, {7, 8}, {8, 9}}
7 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9}}
8 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10}}
9 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 8}, {4, 10}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {6, 10}, {7, 8}, {8, 9}}
10 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 6}, {3, 7}, {3, 10}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8},
{8, 9}}
11 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 10},
{8, 9}}
12 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 10},
{8, 9}}
13 : {{1, 2}, {1, 3}, {1, 4}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{9, 10}}
14 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 7}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {6, 10}, {7, 8},
{8, 9}}
15 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {6, 10}, {7, 8},
{8, 9}}
16 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 9}, {6, 10}, {7, 8}, {7, 10},
{8, 9}}
17 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
C3 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {6, 10}, {7, 8},
{8, 9}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 10},
{8, 9}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 9}, {6, 10}, {7, 8}, {7, 10},
{8, 9}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 10}, {8, 9},
{8, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {7, 10},
{8, 9}}
6 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}}
7 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 10}, {8, 9},
{8, 10}}
8 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {6, 10}, {7, 8},
{8, 9}}
9 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{9, 10}}
10 : {{1, 2}, {1, 3}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {6, 10},
{7, 8}, {8, 9}}
C3 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {6, 10}, {7, 8},
{8, 9}, {8, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8}, {7, 10},
{8, 9}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 9}, {7, 8},
{7, 10}, {8, 9}}
C4 Vertex Splits
1 : {{1, 5}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
2 : {{1, 3}, {1, 5}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 10}, {7, 9}, {8, 9}}
3 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
4 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}}
5 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9},
{8, 9}}
7 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}, {8, 10}}
8 : {{1, 2}, {1, 3}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9}, {8, 9}, {8, 10}}
C4 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 10}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {8, 9},
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{9, 10}}
2 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 10}, {8, 9},
{9, 10}}
3 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9},
{8, 9}}
4 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9}, {7, 10},
{8, 9}}
C4 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {1, 10}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {4, 5}, {4, 9}, {4, 10}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 9},
{7, 10}, {8, 9}}
2 : {{1, 2}, {1, 3}, {1, 5}, {1, 6}, {2, 4}, {2, 5}, {2, 7}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 9},
{7, 10}, {8, 9}}
D2 Vertex Splits
1 : {{1, 2}, {1, 4}, {1, 6}, {2, 7}, {2, 11}, {3, 6}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{9, 10}}
2 : {{1, 2}, {1, 4}, {1, 6}, {2, 7}, {2, 11}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}}
3 : {{1, 2}, {1, 4}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}}
4 : {{1, 2}, {1, 4}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{9, 10}}
5 : {{1, 2}, {1, 4}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
6 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}}
7 : {{1, 2}, {1, 4}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}}
8 : {{1, 2}, {1, 4}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
9 : {{1, 2}, {1, 4}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 8}, {6, 11}, {7, 10}, {7, 11}, {8, 10}, {9, 10},
{9, 11}}
D2 Edge Splits
1 : {{1, 2}, {1, 4}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 6}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {7, 10},
{8, 10}, {9, 10}}
2 : {{1, 2}, {1, 4}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
3 : {{1, 2}, {1, 4}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 11}, {8, 10}, {9, 10},
{10, 11}}
4 : {{1, 2}, {1, 4}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 11}, {9, 10},
{10, 11}}
5 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {7, 10},
{8, 10}, {9, 10}}
6 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{9, 10}, {9, 11}}
7 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 8}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}}
8 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
9 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {9, 11}}
10 : {{1, 2}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10},
{8, 10}, {9, 10}}
11 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{9, 10}, {9, 11}}
D2 Triad Additions
1 : {{1, 2}, {1, 4}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{9, 10}, {9, 11}}
2 : {{1, 2}, {1, 4}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{9, 10}, {10, 11}}
3 : {{1, 2}, {1, 4}, {1, 6}, {1, 11}, {2, 3}, {2, 7}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 11}}
4 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
5 : {{1, 2}, {1, 4}, {1, 6}, {2, 3}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{9, 10}, {10, 11}}
D17 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {2, 9}, {3, 4}, {3, 5}, {3, 9}, {4, 6}, {5, 6}, {5, 7}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
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D17 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
Da17 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
2 : {{1, 3}, {1, 4}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 10}}
3 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {9, 10}}
4 : {{1, 2}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
5 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 10}}
6 : {{1, 2}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {9, 10}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 10}, {9, 10}}
8 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
9 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {8, 10}}
10 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
11 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 5}, {3, 10}, {4, 6}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
12 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
13 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 10}, {4, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 10}}
14 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 10}, {4, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {8, 10}}
15 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {9, 10}}
16 : {{1, 2}, {1, 3}, {1, 4}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {7, 10}}
17 : {{1, 2}, {1, 3}, {1, 4}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}}
18 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {8, 10}}
19 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}}
Da17 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{8, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{7, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 8}, {6, 9}, {6, 10}, {7, 8},
{7, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 10}, {7, 8},
{9, 10}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 10},
{8, 10}}
7 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
8 : {{1, 2}, {1, 3}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9}, {6, 10},
{7, 8}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{7, 10}}
12 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 5}, {3, 10}, {4, 6}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{7, 10}}
13 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {8, 10},
{9, 10}}
14 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 5}, {3, 10}, {4, 6}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{8, 10}}
15 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{9, 10}}
16 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}, {8, 10},
{9, 10}}
17 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 5}, {3, 10}, {4, 6}, {4, 10}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{9, 10}}
18 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10},
{9, 10}}
Da17 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 9},
{6, 10}, {7, 8}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {2, 10}, {3, 4}, {3, 5}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{7, 10}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{7, 10}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 4}, {2, 8}, {3, 4}, {3, 5}, {3, 10}, {4, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8},
{8, 10}, {9, 10}}
E2 Vertex Splits
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1 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 12}, {3, 6}, {3, 12}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {7, 12}, {8, 11}, {9, 11},
{10, 11}}
2 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 12}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 10}, {7, 8}, {7, 9}, {7, 12}, {8, 11}, {9, 11}, {10, 11},
{10, 12}}
3 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 12}, {3, 6}, {3, 12}, {4, 5}, {4, 9}, {5, 6}, {5, 12}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {7, 12}, {8, 11}, {9, 11},
{10, 11}}
4 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 12}, {3, 6}, {3, 12}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 10}, {7, 8}, {7, 10}, {7, 12}, {8, 11}, {9, 11}, {9, 12},
{10, 11}}
E2 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 8}, {1, 12}, {2, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 12}, {5, 6}, {5, 7}, {5, 12}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 11},
{9, 11}, {10, 11}}
2 : {{1, 2}, {1, 3}, {1, 8}, {1, 12}, {2, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {5, 6}, {5, 12}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {7, 12}, {8, 11},
{9, 11}, {10, 11}}
3 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 7}, {2, 12}, {3, 7}, {3, 12}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 10}, {6, 12}, {7, 8}, {7, 9}, {7, 10}, {8, 11},
{9, 11}, {10, 11}}
4 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 12}, {7, 8}, {7, 9}, {7, 10}, {8, 11}, {9, 11},
{10, 11}, {10, 12}}
E2 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 8}, {1, 12}, {2, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 12}, {5, 6}, {5, 7}, {6, 10}, {6, 12}, {7, 8}, {7, 9}, {7, 10},
{8, 11}, {9, 11}, {10, 11}}
2 : {{1, 2}, {1, 3}, {1, 8}, {1, 12}, {2, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 12}, {5, 6}, {5, 7}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 11},
{9, 11}, {10, 11}, {10, 12}}
3 : {{1, 2}, {1, 3}, {1, 8}, {1, 12}, {2, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {5, 12}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 11},
{9, 11}, {9, 12}, {10, 11}}
4 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {5, 12}, {6, 10}, {7, 8}, {7, 9}, {7, 10},
{8, 11}, {9, 11}, {10, 11}}
5 : {{1, 2}, {1, 3}, {1, 8}, {2, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 10}, {7, 8}, {7, 9}, {7, 10}, {8, 11},
{9, 11}, {9, 12}, {10, 11}}
E2 Theta Extensions
1 : {{1, 3}, {1, 7}, {1, 8}, {1, 12}, {2, 4}, {2, 7}, {2, 9}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 7},
{6, 10}, {7, 8}, {7, 9}, {7, 10}, {7, 11}, {7, 12}, {8, 10}, {8, 11}, {9, 11}, {10, 11}}
E18 Vertex Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
E18 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 5}, {1, 8}, {2, 4}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}}
E18 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {3, 4}, {3, 7}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 8}, {6, 9}, {7, 8}}
Ea18 Vertex Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {7, 10}}
3 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
4 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}}
5 : {{1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}}
Ea18 Edge Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 10}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {7, 8}}
4 : {{1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}}
5 : {{1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}}
6 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}}
7 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {5, 7}, {5, 10}, {6, 8}, {6, 10}, {7, 8}}
8 : {{1, 5}, {1, 8}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {9, 10}}
9 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {9, 10}}
143
10 : {{1, 5}, {1, 8}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {9, 10}}
11 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}}
12 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {9, 10}}
Ea18 Triad Additions
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {7, 8}, {7, 10}}
4 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}}
5 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {8, 10}}
6 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 10}}
7 : {{1, 5}, {1, 8}, {1, 9}, {2, 4}, {2, 6}, {2, 7}, {2, 9}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {9, 10}}
Eb18 Vertex Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {10, 11}}
3 : {{1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8}}
4 : {{1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 11}, {6, 8}, {6, 10}, {7, 8}, {7, 11}}
5 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 11}}
6 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 11}, {6, 8}, {6, 10}, {7, 8}, {7, 11}}
Eb18 Edge Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{7, 11}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{10, 11}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{7, 11}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{10, 11}}
5 : {{1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}}
6 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10},
{7, 8}}
7 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}}
8 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 11},
{7, 8}}
9 : {{1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}}
10 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{10, 11}}
11 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 11},
{7, 8}}
12 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 11}, {7, 8},
{10, 11}}
13 : {{1, 5}, {1, 8}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{9, 11}}
14 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{7, 11}}
15 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{9, 11}}
16 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 11}}
17 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{10, 11}}
18 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 11}}
19 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {6, 11}, {7, 8},
{7, 11}}
20 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {6, 11},
{7, 8}}
21 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {6, 11}, {7, 8},
{7, 11}}
22 : {{1, 5}, {1, 8}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 11},
{9, 11}}
23 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 11},
{10, 11}}
24 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 11}}
25 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {9, 11},
{10, 11}}
26 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 11}, {7, 8},
{9, 11}}
27 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 11}, {6, 8}, {6, 10}, {7, 8}, {7, 11},
{9, 11}}
28 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 11}, {7, 8}, {9, 11},
{10, 11}}
29 : {{1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
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{10, 11}}
30 : {{1, 5}, {1, 8}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {9, 11},
{10, 11}}
31 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {7, 11},
{10, 11}}
32 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8}, {9, 11},
{10, 11}}
33 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 11}, {6, 8}, {6, 10}, {7, 8}, {7, 11},
{10, 11}}
Eb18 Triad Additions
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8},
{6, 10}, {7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10},
{6, 11}, {7, 8}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10},
{6, 11}, {7, 8}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10},
{7, 8}, {10, 11}}
5 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10},
{6, 11}, {7, 8}}
6 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10},
{7, 8}, {7, 11}}
7 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {6, 11},
{7, 8}, {7, 11}}
8 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {7, 8},
{7, 11}, {10, 11}}
9 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {7, 8}}
10 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10},
{6, 11}, {7, 8}}
11 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 11}}
12 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 11}}
13 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {10, 11}}
14 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {6, 11},
{7, 8}, {7, 11}}
15 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {6, 11},
{7, 8}, {9, 11}}
16 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 11}, {10, 11}}
17 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {6, 8}, {6, 10}, {6, 11}, {7, 8},
{7, 11}, {9, 11}}
Ec18 Vertex Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11}, {7, 8}, {7, 11}}
2 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11}, {7, 8}, {9, 11}}
3 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11}, {7, 8}, {10, 11}}
4 : {{1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 7}, {5, 10}, {5, 11}, {6, 8}, {6, 11}, {7, 8}}
5 : {{1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {7, 8}, {10, 11}}
6 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {7, 11}}
7 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11}, {8, 11}}
Ec18 Edge Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{7, 11}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{10, 11}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 8}}
5 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{7, 11}}
6 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{10, 11}}
7 : {{1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {5, 11}, {6, 8},
{7, 8}}
8 : {{1, 5}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{8, 11}}
9 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 8}}
10 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{8, 11}}
11 : {{1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {5, 11}, {6, 8},
{7, 8}}
12 : {{1, 5}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
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{8, 11}}
13 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}}
14 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 7}, {5, 10}, {5, 11}, {6, 8}, {6, 11},
{7, 8}}
15 : {{1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {5, 11}, {6, 8},
{7, 8}}
16 : {{1, 5}, {1, 8}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{9, 11}}
17 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}}
18 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{7, 11}}
19 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{9, 11}}
20 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 10}, {5, 11}, {6, 8}, {6, 11},
{7, 8}}
21 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 10}, {5, 11}, {6, 8}, {7, 8},
{7, 11}}
22 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {5, 11}, {6, 8}, {7, 8},
{9, 11}}
23 : {{1, 5}, {1, 8}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11}, {7, 8},
{9, 11}}
24 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}}
25 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11}, {7, 8},
{7, 11}}
26 : {{1, 5}, {1, 8}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {7, 11},
{9, 11}}
Ec18 Triad Additions
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10},
{6, 8}, {7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{6, 11}, {7, 8}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 8}, {10, 11}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{6, 11}, {7, 8}}
5 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 8}, {7, 11}}
6 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}, {7, 11}}
7 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}, {10, 11}}
8 : {{1, 5}, {1, 8}, {1, 9}, {1, 11}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{7, 11}, {10, 11}}
9 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {5, 11},
{6, 8}, {7, 8}}
10 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 8}, {8, 11}}
11 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {5, 11}, {6, 8},
{7, 8}, {9, 11}}
12 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}, {7, 11}}
13 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 11},
{7, 8}, {9, 11}}
Ed18 Vertex Splits
1 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}}
2 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{7, 12}}
3 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{11, 12}}
4 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 12}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{7, 12}}
5 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{7, 12}}
6 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 12},
{8, 12}}
7 : {{1, 5}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}}
8 : {{1, 5}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 12},
{8, 12}}
Ed18 Edge Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {7, 12}}
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2 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {10, 12}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {7, 12}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {10, 12}}
5 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {11, 12}}
6 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 12},
{7, 8}, {10, 12}}
7 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {7, 8}}
8 : {{1, 5}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 12}}
9 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {11, 12}}
10 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 12}}
11 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {11, 12}}
12 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}}
13 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {11, 12}}
14 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 10}, {6, 12},
{7, 8}, {8, 12}}
15 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {7, 8}}
16 : {{1, 5}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 12}}
17 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {10, 12}}
18 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 12}}
19 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {10, 12}}
20 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}}
21 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 10}, {6, 12},
{7, 8}, {8, 12}}
22 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 12},
{7, 8}, {10, 12}}
23 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {7, 8}}
24 : {{1, 5}, {1, 8}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {9, 12}}
25 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {7, 12}}
26 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {9, 12}}
27 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {7, 12}}
28 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {9, 12}}
29 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}}
30 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {7, 12}}
31 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {9, 12}}
32 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {10, 12}}
33 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {9, 12}}
34 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {8, 12}}
35 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {10, 12}}
36 : {{1, 5}, {1, 8}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 12}}
37 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 12}}
38 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 12}}
39 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 12}}
40 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {11, 12}}
41 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {11, 12}}
42 : {{1, 5}, {1, 8}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {9, 12}}
43 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {10, 12}}
44 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {11, 12}}
45 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 12}, {7, 8},
{7, 12}, {10, 12}}
46 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {9, 12}}
47 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
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{8, 12}, {10, 12}}
48 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {9, 12}}
49 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {11, 12}}
50 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {9, 12}}
51 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {10, 12}}
52 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {11, 12}}
53 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {9, 12}}
54 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {11, 12}}
55 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 10}, {6, 12}, {7, 8},
{8, 12}, {9, 12}}
56 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 12}, {7, 8},
{9, 12}, {10, 12}}
57 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 12},
{8, 12}, {9, 12}}
58 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {10, 12}}
59 : {{1, 5}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {10, 12}}
60 : {{1, 5}, {1, 8}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {10, 12}}
61 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {10, 12}}
62 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {10, 12}}
63 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{10, 12}, {11, 12}}
64 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {10, 12}}
65 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 12}, {6, 8}, {6, 10}, {7, 8},
{10, 12}, {11, 12}}
66 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 12},
{8, 12}, {10, 12}}
67 : {{1, 5}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {11, 12}}
68 : {{1, 5}, {1, 8}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {11, 12}}
69 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {11, 12}}
70 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {11, 12}}
71 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{10, 12}, {11, 12}}
72 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 10}, {6, 12}, {7, 8},
{8, 12}, {11, 12}}
73 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 12}, {7, 8},
{10, 12}, {11, 12}}
Ed18 Triad Additions
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11},
{6, 8}, {6, 10}, {7, 8}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {6, 12}, {7, 8}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {7, 8}, {11, 12}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11},
{6, 8}, {6, 10}, {7, 8}}
5 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {6, 12}, {7, 8}}
6 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {7, 8}, {10, 12}}
7 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {6, 12}, {7, 8}}
8 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {7, 8}, {7, 12}}
9 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {7, 12}}
10 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {11, 12}}
11 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {7, 12}, {10, 12}}
12 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {7, 12}, {11, 12}}
13 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {10, 12}, {11, 12}}
14 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11},
{6, 8}, {6, 10}, {7, 8}}
15 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12},
{6, 8}, {6, 10}, {7, 8}}
16 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {6, 12}, {7, 8}}
17 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
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{6, 10}, {7, 8}, {8, 12}}
18 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {5, 12},
{6, 8}, {6, 10}, {7, 8}}
19 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {7, 8}, {8, 12}}
20 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {11, 12}}
21 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 12}, {11, 12}}
22 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8},
{6, 10}, {6, 12}, {7, 8}}
23 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {7, 8}, {8, 12}}
24 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {7, 8}, {10, 12}}
25 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 12}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {8, 12}, {10, 12}}
26 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {7, 8}, {9, 12}}
27 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {7, 12}}
28 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {9, 12}}
29 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10},
{7, 8}, {7, 12}, {9, 12}}
30 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{7, 8}, {9, 12}, {10, 12}}
31 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 12}, {9, 12}}
32 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 12}, {11, 12}}
33 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 12}, {11, 12}}
34 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{7, 12}, {10, 12}, {11, 12}}
35 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {9, 12}, {10, 12}}
36 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{8, 12}, {9, 12}, {11, 12}}
37 : {{1, 5}, {1, 8}, {1, 9}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11}, {6, 8}, {6, 10}, {7, 8},
{9, 12}, {10, 12}, {11, 12}}
Ee18 Vertex Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12}, {7, 11}, {8, 11},
{9, 12}}
2 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12}, {7, 11}, {8, 11},
{10, 12}}
Ee18 Edge Splits
1 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12},
{7, 11}, {8, 11}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11},
{8, 11}, {10, 12}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 11}, {8, 11}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11},
{8, 11}, {10, 12}}
5 : {{1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {5, 12}, {6, 8},
{7, 11}, {8, 11}}
6 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 11}, {8, 11}}
7 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11},
{8, 11}, {8, 12}}
8 : {{1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {5, 12}, {6, 8},
{7, 11}, {8, 11}}
9 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12},
{7, 11}, {8, 11}}
10 : {{1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {5, 12}, {6, 8},
{7, 11}, {8, 11}}
11 : {{1, 5}, {1, 8}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11},
{8, 11}, {9, 12}}
12 : {{1, 5}, {1, 8}, {1, 9}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12},
{7, 11}, {8, 11}}
13 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11},
{8, 11}, {9, 12}}
14 : {{1, 5}, {1, 8}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12}, {7, 11},
{8, 11}, {9, 12}}
15 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12},
{7, 11}, {8, 11}}
Ee18 Triad Additions
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1 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10},
{6, 8}, {7, 11}, {8, 11}}
2 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{6, 12}, {7, 11}, {8, 11}}
3 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 11}, {8, 11}, {10, 12}}
4 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{6, 12}, {7, 11}, {8, 11}}
5 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 11}, {8, 11}, {11, 12}}
6 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12},
{7, 11}, {8, 11}, {10, 12}}
7 : {{1, 5}, {1, 8}, {1, 9}, {1, 12}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 11},
{8, 11}, {10, 12}, {11, 12}}
8 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {3, 12}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {5, 12},
{6, 8}, {7, 11}, {8, 11}}
9 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8},
{7, 11}, {7, 12}, {8, 11}}
10 : {{1, 5}, {1, 8}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {4, 12}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {6, 12},
{7, 11}, {7, 12}, {8, 11}}
Ef18 Vertex Splits
1 : {{1, 8}, {1, 9}, {1, 12}, {2, 9}, {2, 10}, {2, 13}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 13}}
2 : {{1, 8}, {1, 9}, {1, 12}, {2, 9}, {2, 10}, {2, 13}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 11}, {5, 12}, {5, 13}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 13}}
Ef18 Edge Splits
1 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 9}, {2, 10}, {2, 13}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {7, 13}}
2 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 13}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {10, 13}}
3 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {7, 13}}
4 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {11, 13}}
5 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 11}, {4, 13}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {10, 13}}
6 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 13}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {11, 13}}
7 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 11}, {5, 12}, {5, 13}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {7, 13}}
8 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 12}, {5, 13}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {11, 13}}
9 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 12},
{6, 13}, {7, 8}, {10, 13}}
10 : {{1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {8, 13}}
11 : {{1, 8}, {1, 9}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {12, 13}}
12 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 13}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {10, 13}}
13 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 10}, {6, 12},
{6, 13}, {7, 8}, {8, 13}}
14 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 12},
{6, 13}, {7, 8}, {10, 13}}
15 : {{1, 8}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 13}, {9, 13}}
16 : {{1, 8}, {1, 9}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 13}, {12, 13}}
17 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 12}, {6, 13},
{7, 8}, {7, 13}, {10, 13}}
18 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 10}, {4, 11}, {4, 13}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {8, 13}, {9, 13}}
19 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 11}, {4, 13}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 13}, {10, 13}}
20 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 13}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 13}, {11, 13}}
21 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 11}, {5, 12}, {5, 13}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 13}, {9, 13}}
22 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 12}, {5, 13}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 13}, {11, 13}}
23 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 13}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 13}, {12, 13}}
24 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 10}, {6, 12}, {6, 13},
{7, 8}, {8, 13}, {9, 13}}
25 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 12}, {6, 13},
{7, 8}, {9, 13}, {10, 13}}
26 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 13},
{7, 8}, {9, 13}, {12, 13}}
27 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 13}, {8, 13}, {9, 13}}
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Ef18 Triad Additions
1 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {2, 13}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 13}, {5, 7}, {5, 11}, {5, 12},
{6, 8}, {6, 10}, {6, 12}, {7, 8}}
2 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {2, 13}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {6, 12}, {6, 13}, {7, 8}}
3 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {2, 13}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {6, 12}, {7, 8}, {11, 13}}
4 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {4, 13}, {5, 7}, {5, 11}, {5, 12},
{6, 8}, {6, 10}, {6, 12}, {7, 8}}
5 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {6, 12}, {6, 13}, {7, 8}}
6 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {6, 12}, {7, 8}, {10, 13}}
7 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 13}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {6, 12}, {6, 13}, {7, 8}}
8 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {4, 13}, {5, 7}, {5, 11}, {5, 12}, {6, 8},
{6, 10}, {6, 12}, {7, 8}, {7, 13}}
9 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {6, 13}, {7, 8}, {7, 13}}
10 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {6, 13}, {7, 8}, {11, 13}}
11 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {7, 13}, {10, 13}}
12 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {7, 13}, {11, 13}}
13 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {10, 13}, {11, 13}}
14 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {8, 13}, {10, 13}}
15 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10},
{6, 12}, {7, 8}, {10, 13}, {12, 13}}
16 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 13}, {9, 13}, {12, 13}}
17 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {7, 13}, {10, 13}, {12, 13}}
18 : {{1, 8}, {1, 9}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 7}, {5, 11}, {5, 12}, {6, 8}, {6, 10}, {6, 12},
{7, 8}, {9, 13}, {10, 13}, {11, 13}}
Ef18 Theta Extensions
1 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 4}, {2, 7}, {2, 10}, {2, 13}, {3, 5}, {3, 7}, {3, 9}, {3, 11}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11},
{5, 12}, {6, 8}, {6, 10}, {6, 12}, {7, 8}, {7, 9}, {7, 13}, {8, 10}, {8, 11}, {8, 12}, {9, 13}}
2 : {{1, 8}, {1, 9}, {1, 12}, {1, 13}, {2, 6}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 11}, {3, 13}, {4, 8}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 11},
{5, 12}, {6, 8}, {6, 10}, {6, 12}, {7, 8}, {7, 9}, {7, 11}, {7, 13}, {8, 10}, {8, 12}, {9, 13}}
B′1 Vertex Splits
1 : {{1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
2 : {{1, 3}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
3 : {{1, 3}, {1, 4}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}}
4 : {{1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}, {7, 8}}
5 : {{1, 2}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
6 : {{1, 2}, {1, 4}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}}
8 : {{1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
9 : {{1, 4}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}}
10 : {{1, 4}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}, {7, 8}}
11 : {{1, 3}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 7}}
12 : {{1, 3}, {1, 5}, {1, 6}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {7, 8}}
13 : {{1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
14 : {{1, 2}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {6, 7}}
15 : {{1, 2}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {3, 5}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {6, 7}}
16 : {{1, 2}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {2, 4}, {2, 6}, {3, 4}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}}
17 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 6}, {3, 8}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 7}, {5, 8}, {6, 7}}
B′1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {2, 3}, {2, 4}, {2, 6}, {2, 8}, {3, 4}, {3, 5}, {3, 6}, {4, 5}, {4, 6}, {4, 7}, {5, 6}, {5, 8}, {6, 7},
{7, 8}}
B′′1 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 3}, {1, 4}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
3 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}}
4 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
5 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
6 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
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7 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 5}, {2, 6}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
12 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
13 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 5}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
14 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 7}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
15 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
16 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 6}, {2, 7}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
17 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}, {7, 9}, {8, 9}}
18 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8}}
19 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
20 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
21 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
22 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {6, 8}, {7, 8}, {7, 9}}
23 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
24 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
B′′1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 9}, {7, 8},
{8, 9}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 9}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8},
{8, 9}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {5, 6}, {5, 7}, {6, 7}, {6, 9}, {7, 8},
{8, 9}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 7}, {6, 8},
{7, 8}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 8}, {2, 9}, {3, 5}, {3, 7}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 7}, {6, 8}, {7, 8},
{7, 9}}
B′′1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {6, 7}, {6, 8},
{6, 9}, {7, 8}}
B′′a1 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{7, 8}}
2 : {{1, 3}, {1, 4}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8},
{7, 10}}
3 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{7, 8}}
4 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8},
{7, 8}}
5 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {6, 10},
{7, 8}}
6 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8},
{7, 10}}
7 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {7, 8},
{8, 10}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 10},
{7, 8}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 8},
{7, 10}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 7}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 8},
{8, 10}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {6, 10}, {7, 8},
{7, 10}}
12 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7},
{6, 8}, {7, 8}}
13 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{6, 10}, {7, 8}}
14 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 5}, {2, 6}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{7, 8}, {7, 10}}
15 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8},
{6, 10}, {7, 8}}
16 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 6}, {2, 7}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8},
{7, 8}, {8, 10}}
17 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {6, 10},
{7, 8}, {8, 10}}
18 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 10},
{7, 8}}
19 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {7, 8},
{7, 10}}
20 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8}, {6, 10},
{7, 8}}




1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8},
{6, 10}, {7, 8}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 7}, {6, 8},
{7, 8}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 10},
{7, 8}, {8, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{7, 8}, {9, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7},
{6, 8}, {7, 8}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 6}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7},
{6, 8}, {7, 8}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{6, 10}, {7, 8}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 8}, {2, 10}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{7, 8}, {7, 10}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {4, 10}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8},
{6, 10}, {7, 8}}
10 : {{1, 2}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10},
{6, 7}, {6, 8}, {7, 8}}
11 : {{1, 2}, {1, 3}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {5, 10},
{6, 7}, {6, 8}, {7, 8}}
12 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7}, {6, 8},
{7, 8}, {8, 10}}
13 : {{1, 2}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {3, 10}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{6, 10}, {7, 8}}
14 : {{1, 2}, {1, 3}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{6, 10}, {7, 8}}
15 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8}, {6, 10},
{7, 8}, {9, 10}}
B′′a1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {5, 10}, {6, 7},
{6, 8}, {7, 8}, {8, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 6}, {2, 7}, {2, 8}, {3, 7}, {3, 9}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 9}, {6, 7}, {6, 8},
{6, 10}, {7, 8}, {9, 10}}
B′′′1 Vertex Splits
1 : {{1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
2 : {{1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
3 : {{1, 3}, {1, 4}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 8}, {7, 8}}
4 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
5 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9}}
6 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
8 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 8}, {7, 8}}
9 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9}}
10 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
12 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 8}, {7, 8}}
13 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9}}
14 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 7}, {3, 9}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 8}, {7, 8}}
15 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}}
16 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9}}
17 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9}}
18 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9}}
19 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9}}
20 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 8}, {7, 8}, {7, 9}}
B′′′1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 9}, {7, 8},
{8, 9}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 9},
{8, 9}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 4}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 9}, {6, 8},
{7, 8}}
B′′′1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 9},
{7, 8}, {7, 9}}
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B′′′a1 Vertex Splits
1 : {{1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}}
2 : {{1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}}
3 : {{1, 4}, {1, 5}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9},
{9, 10}}
4 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}}
5 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}}
6 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{7, 9}}
7 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}}
8 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}}
9 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}}
10 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9},
{7, 10}}
11 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9},
{8, 10}}
12 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 10}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {7, 9}}
13 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
14 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 9},
{8, 10}}
15 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 9}, {3, 10}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
16 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {7, 9}}
17 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}, {7, 10}}
18 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}, {8, 10}}
19 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}, {7, 10}}
20 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}, {8, 10}}
21 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {7, 10}}
22 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
23 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
24 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {7, 9}}
25 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8}, {7, 9},
{7, 10}}
26 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {7, 9},
{8, 10}}
27 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
28 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {7, 9}}
29 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {7, 9},
{8, 10}}
30 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {7, 9}}
31 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
32 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {7, 10}}
33 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {8, 10}}
34 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {7, 10}}
35 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {8, 10}}
36 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 8}, {5, 10}, {6, 8}, {6, 10}, {7, 8},
{7, 9}, {7, 10}}
37 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {7, 9}}
38 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 10}, {7, 8}, {7, 9},
{8, 10}}
B′′′a1 Edge Splits
1 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {7, 9}}
2 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 10}, {7, 8},
{7, 9}, {8, 10}}
3 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 9},
{7, 10}, {8, 10}}
4 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
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{7, 9}, {9, 10}}
5 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 9},
{7, 10}, {8, 10}}
6 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 10}, {9, 10}}
7 : {{1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {7, 9}}
8 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
9 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {7, 9}}
10 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {9, 10}}
11 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {7, 9}}
12 : {{1, 2}, {1, 4}, {1, 5}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{7, 9}, {9, 10}}
13 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}, {9, 10}}
14 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {9, 10}}
15 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{7, 9}, {9, 10}}
16 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 7}, {4, 8}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 9}, {9, 10}}
17 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10}, {7, 8},
{7, 9}, {9, 10}}
B′′′a1 Triad Additions
1 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {7, 9}, {8, 10}}
2 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {1, 10}, {2, 4}, {2, 5}, {2, 6}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {7, 9}, {7, 10}}
3 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {3, 10}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {7, 9}, {8, 10}}
4 : {{1, 2}, {1, 4}, {1, 5}, {1, 9}, {2, 4}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 9}, {4, 5}, {4, 7}, {4, 8}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 9}, {8, 10}, {9, 10}}
B′′′b1 Vertex Splits
1 : {{1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}}
2 : {{1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}}
3 : {{1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{8, 9}}
4 : {{1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{8, 9}}
5 : {{1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{8, 9}}
6 : {{1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9},
{9, 10}}
7 : {{1, 2}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}}
8 : {{1, 2}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 10},
{8, 9}}
9 : {{1, 2}, {1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}}
10 : {{1, 2}, {1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
11 : {{1, 2}, {1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 10},
{8, 9}}
12 : {{1, 2}, {1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9},
{9, 10}}
13 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 6}, {3, 7}, {3, 10}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
14 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9},
{9, 10}}
15 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8}, {8, 9},
{9, 10}}
16 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
17 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
18 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
19 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8}, {7, 10},
{8, 9}}
20 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {8, 9},
{8, 10}}
21 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
22 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
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23 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {8, 9},
{8, 10}}
24 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
25 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
26 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
27 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{8, 9}, {8, 10}}
28 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
29 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{8, 9}, {8, 10}}
30 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 8}, {5, 10}, {6, 8}, {6, 10}, {7, 8},
{7, 10}, {8, 9}}
31 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
32 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 10}, {7, 8}, {8, 9},
{8, 10}}
B′′′b1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 10}, {7, 8},
{8, 9}, {8, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 10},
{8, 9}, {8, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 10}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {8, 9}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 10},
{8, 9}, {8, 10}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}, {9, 10}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
11 : {{1, 2}, {1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
12 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{8, 9}, {9, 10}}
13 : {{1, 2}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}, {9, 10}}
14 : {{1, 2}, {1, 3}, {1, 4}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{8, 9}, {9, 10}}
15 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{8, 9}, {9, 10}}
16 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10}, {7, 8},
{8, 9}, {9, 10}}
B′′′b1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {7, 10}, {8, 9}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {8, 9}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 10}, {8, 9}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {8, 9}, {8, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}, {9, 10}}
B′′′c1 Vertex Splits
1 : {{1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}}
2 : {{1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{8, 9}}
3 : {{1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9},
{9, 10}}
4 : {{1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{8, 9}}
5 : {{1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{8, 9}}
6 : {{1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {8, 9},
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{9, 10}}
7 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}}
8 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{8, 9}}
9 : {{1, 2}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8}, {7, 10},
{8, 9}}
10 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
11 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
12 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
13 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8}, {7, 10},
{8, 9}}
14 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {8, 9},
{8, 10}}
15 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
16 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8}, {7, 10},
{8, 9}}
17 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8}, {8, 9},
{8, 10}}
18 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 10}, {6, 8}, {6, 10}, {7, 8}, {8, 9},
{8, 10}}
19 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
20 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
21 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {5, 10}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
22 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{8, 9}, {8, 10}}
23 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 10}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
24 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 8}, {5, 10}, {6, 8}, {6, 10}, {7, 8},
{7, 10}, {8, 9}}
25 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {6, 8}, {7, 8}, {7, 10},
{8, 9}, {8, 10}}
26 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
27 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 7}, {5, 8}, {5, 10}, {6, 8}, {6, 10},
{7, 8}, {8, 9}}
28 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 10}, {7, 8}, {8, 9},
{8, 10}}
B′′′c1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
2 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 10}, {7, 8},
{8, 9}, {8, 10}}
3 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 10},
{8, 9}, {8, 10}}
4 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {8, 9}}
5 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
6 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{7, 10}, {8, 9}}
7 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 10},
{8, 9}, {8, 10}}
8 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}}
9 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 9}, {9, 10}}
10 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 10}, {6, 8}, {7, 8},
{8, 9}, {8, 10}}
11 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {7, 8},
{8, 10}, {9, 10}}
12 : {{1, 2}, {1, 3}, {1, 5}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{8, 9}, {9, 10}}
13 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{7, 10}, {8, 9}}
14 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10}, {7, 8},
{8, 9}, {9, 10}}
B′′′c1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {4, 10}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{6, 10}, {7, 8}, {8, 9}}
2 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8}, {6, 10},
{7, 8}, {7, 10}, {8, 9}}
3 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {2, 10}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {6, 8},
{7, 8}, {8, 9}, {8, 10}}
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4 : {{1, 2}, {1, 3}, {1, 5}, {1, 9}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {3, 10}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 7}, {5, 8}, {5, 10}, {6, 8},
{7, 8}, {8, 9}, {9, 10}}
B′′′d1 Vertex Splits
1 : {{1, 9}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 9}, {2, 11}, {3, 4}, {3, 6}, {3, 7}, {3, 11}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {6, 8}, {7, 8},
{7, 10}, {8, 9}, {8, 10}}
2 : {{1, 3}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 9}, {2, 11}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {6, 8}, {7, 8}, {7, 10},
{8, 9}, {8, 10}, {9, 11}}
3 : {{1, 3}, {1, 9}, {1, 10}, {1, 11}, {2, 6}, {2, 9}, {2, 11}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {5, 11}, {6, 8}, {7, 8},
{7, 10}, {8, 9}, {8, 10}}
4 : {{1, 3}, {1, 9}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 11}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {6, 8}, {7, 8}, {7, 10},
{8, 9}, {8, 10}, {9, 11}}
B′′′d1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 10}, {5, 11}, {6, 8},
{7, 8}, {7, 10}, {8, 9}, {8, 10}}
2 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 9}, {4, 11}, {5, 6}, {5, 10}, {6, 8}, {7, 8},
{7, 10}, {7, 11}, {8, 9}, {8, 10}}
3 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 10}, {5, 11}, {6, 8}, {6, 11},
{7, 8}, {7, 10}, {8, 9}, {8, 10}}
4 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 11}, {3, 6}, {3, 7}, {3, 11}, {4, 5}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 10}, {6, 8},
{7, 8}, {7, 10}, {8, 9}, {8, 10}}
5 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {2, 5}, {2, 6}, {2, 9}, {2, 11}, {3, 4}, {3, 6}, {3, 11}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {6, 8}, {7, 8},
{7, 10}, {7, 11}, {8, 9}, {8, 10}}
B′′′d1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 10}, {6, 8},
{6, 11}, {7, 8}, {7, 10}, {8, 9}, {8, 10}}
2 : {{1, 2}, {1, 3}, {1, 9}, {1, 10}, {1, 11}, {2, 5}, {2, 6}, {2, 9}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 10}, {5, 11}, {6, 8},
{7, 8}, {7, 10}, {7, 11}, {8, 9}, {8, 10}}
E ′3 Vertex Splits
1 : {{1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
2 : {{1, 3}, {1, 6}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
3 : {{1, 3}, {1, 4}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
4 : {{1, 3}, {1, 4}, {1, 6}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}, {8, 9}}
5 : {{1, 2}, {1, 6}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
6 : {{1, 2}, {1, 4}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
7 : {{1, 3}, {1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
8 : {{1, 2}, {1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {7, 8}}
9 : {{1, 2}, {1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {5, 9}, {6, 7}, {6, 8}, {7, 8}}
10 : {{1, 2}, {1, 4}, {1, 6}, {1, 8}, {1, 9}, {2, 3}, {2, 5}, {2, 7}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9}, {7, 8}}
E ′3 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8},
{8, 9}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8},
{7, 8}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {3, 5}, {3, 7}, {3, 9}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8}, {6, 9},
{7, 8}}
E ′3 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8},
{6, 9}, {7, 8}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 6}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 5}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 9}, {5, 6}, {5, 8}, {6, 7}, {6, 8},
{7, 8}, {8, 9}}
E ′′3 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}}
2 : {{1, 3}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}}
3 : {{1, 3}, {1, 4}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {7, 10}, {8, 9}}
4 : {{1, 3}, {1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}, {9, 10}}
5 : {{1, 2}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}}
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6 : {{1, 2}, {1, 4}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {7, 10}, {8, 9}}
7 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}}
8 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}, {8, 10}}
9 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}}
10 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9}, {8, 9}, {8, 10}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {7, 8}, {7, 9},
{8, 9}}
12 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 10}, {6, 7}, {7, 8}, {7, 9}, {8, 9}, {9, 10}}
E ′′3 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 9}, {5, 10}, {6, 7}, {6, 10}, {7, 8}, {7, 9},
{8, 9}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 10}, {7, 8}, {7, 9}, {7, 10},
{8, 9}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 10}, {8, 9},
{9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {3, 10}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {7, 8}, {7, 9},
{8, 9}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 10}, {6, 7}, {7, 8}, {7, 9}, {8, 9},
{9, 10}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 10}, {8, 9},
{9, 10}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9},
{8, 9}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {6, 10}, {7, 8}, {7, 9},
{8, 9}}
9 : {{1, 2}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {5, 10}, {6, 7}, {7, 8}, {7, 9},
{8, 9}}
10 : {{1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {6, 10}, {7, 8},
{7, 9}, {8, 9}}
11 : {{1, 2}, {1, 3}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {6, 10}, {7, 8},
{7, 9}, {8, 9}}
E ′′3 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {1, 10}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {6, 10}, {7, 8}, {7, 9},
{8, 9}, {8, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {6, 10}, {7, 8},
{7, 9}, {8, 9}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9},
{7, 10}, {8, 9}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9},
{8, 9}, {9, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {2, 10}, {3, 6}, {3, 8}, {4, 5}, {4, 8}, {5, 6}, {5, 9}, {6, 7}, {6, 10}, {7, 8}, {7, 9},
{8, 9}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {1, 9}, {2, 3}, {2, 5}, {2, 8}, {3, 6}, {3, 8}, {3, 10}, {4, 5}, {4, 8}, {4, 10}, {5, 6}, {5, 9}, {6, 7}, {7, 8}, {7, 9},
{7, 10}, {8, 9}}
E ′5 Vertex Splits
1 : {{1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 10}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
2 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10}}
3 : {{1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
4 : {{1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
5 : {{1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9}}
6 : {{1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10}}
7 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
8 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 5}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10}}
9 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 10}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}}
10 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10}}
E ′5 Edge Splits
1 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {6, 10}, {7, 8}, {8, 9}}
2 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
3 : {{1, 2}, {1, 4}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9}}
4 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {6, 10}, {7, 8}, {8, 9}}
5 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 10}, {8, 9}}
6 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 10}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 10}, {8, 9}}
7 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 10}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {9, 10}}
8 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 10}, {5, 6}, {5, 8}, {6, 9}, {6, 10}, {7, 8}, {7, 10}, {8, 9}}
9 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {4, 10}, {5, 6}, {5, 8}, {6, 7}, {6, 10}, {7, 8}, {8, 9}, {9, 10}}
10 : {{1, 2}, {1, 4}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 10},
{8, 9}}
E ′5 Triad Additions
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1 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 10}, {7, 8},
{8, 9}}
2 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{9, 10}}
3 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{9, 10}}
4 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 10}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 10}, {7, 8},
{8, 9}}
5 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {3, 4}, {3, 8}, {3, 10}, {4, 5}, {5, 6}, {5, 8}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{9, 10}}
E ′a5 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 10}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}}
2 : {{1, 4}, {1, 7}, {1, 10}, {2, 5}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 11}, {8, 9},
{8, 10}}
3 : {{1, 4}, {1, 7}, {1, 10}, {2, 5}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{9, 11}}
4 : {{1, 4}, {1, 7}, {1, 10}, {2, 5}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{10, 11}}
5 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 11}, {8, 9},
{8, 10}}
6 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{9, 11}}
7 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}}
8 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{8, 11}}
E ′a5 Edge Splits
1 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}}
2 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}}
3 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {9, 11}}
4 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}}
5 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 11}, {7, 8}, {8, 9},
{8, 10}, {9, 11}}
6 : {{1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}}
7 : {{1, 4}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
8 : {{1, 4}, {1, 7}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{10, 11}}
9 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}}
10 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 9}, {6, 11}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
11 : {{1, 4}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
12 : {{1, 4}, {1, 7}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {10, 11}}
13 : {{1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}}
14 : {{1, 4}, {1, 7}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11}, {7, 8}, {8, 9},
{8, 10}, {10, 11}}
15 : {{1, 4}, {1, 7}, {1, 10}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}}
16 : {{1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {9, 11}}
17 : {{1, 4}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 11}, {8, 9},
{8, 10}, {9, 11}}
E ′a5 Triad Additions
1 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11},
{7, 8}, {8, 9}, {8, 10}}
2 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11},
{7, 8}, {8, 9}, {8, 10}}
3 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {9, 11}}
4 : {{1, 4}, {1, 7}, {1, 10}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {9, 11}}
5 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{7, 11}, {8, 9}, {8, 10}}
6 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {9, 11}}
7 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
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{8, 9}, {8, 10}, {10, 11}}
8 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}, {10, 11}}
9 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {7, 11},
{8, 9}, {8, 10}, {9, 11}}
10 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 5}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 8}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {9, 11}, {10, 11}}
E ′b5 Vertex Splits
1 : {{1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}}
2 : {{1, 4}, {1, 7}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{8, 11}}
3 : {{1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}}
4 : {{1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 11}, {8, 9},
{8, 10}}
5 : {{1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{9, 11}}
6 : {{1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{10, 11}}
7 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{9, 11}}
8 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{10, 11}}
E ′b5 Edge Splits
1 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}}
2 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{10, 11}}
3 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 11}, {7, 8}, {8, 9},
{8, 10}, {9, 11}}
4 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 11}, {5, 6}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}}
5 : {{1, 2}, {1, 4}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
6 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}}
7 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{10, 11}}
8 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 9}, {6, 11}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
9 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 11}, {7, 8}, {8, 9},
{8, 10}, {9, 11}}
10 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
11 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {9, 11}}
12 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {10, 11}}
13 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 9}, {6, 11}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
14 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 7}, {6, 11}, {7, 8}, {8, 9},
{8, 10}, {9, 11}}
15 : {{1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}}
16 : {{1, 2}, {1, 4}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 11},
{8, 9}, {8, 10}}
17 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}}
18 : {{1, 2}, {1, 4}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {7, 11}, {8, 9},
{8, 10}, {10, 11}}
19 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {10, 11}}
E ′b5 Triad Additions
1 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {6, 11},
{7, 8}, {8, 9}, {8, 10}}
2 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {9, 11}}
3 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {10, 11}}
4 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {9, 11}}
5 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}, {10, 11}}
6 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {1, 11}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{9, 11}, {10, 11}}
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7 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 11}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {6, 11},
{7, 8}, {8, 9}, {8, 10}}
8 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {9, 11}}
9 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {6, 11}, {7, 8},
{8, 9}, {8, 10}, {10, 11}}
10 : {{1, 2}, {1, 4}, {1, 7}, {1, 8}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {5, 6}, {5, 10}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {9, 11}, {10, 11}}
E ′c5 Vertex Splits
1 : {{1, 4}, {1, 7}, {1, 10}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12}, {8, 9},
{8, 10}, {8, 11}}
2 : {{1, 4}, {1, 7}, {1, 10}, {2, 7}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{8, 11}, {9, 12}}
3 : {{1, 4}, {1, 7}, {1, 10}, {2, 7}, {2, 9}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{8, 11}, {10, 12}}
4 : {{1, 4}, {1, 7}, {1, 10}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{8, 11}, {11, 12}}
5 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12}, {8, 9}, {8, 10},
{8, 11}, {9, 12}}
6 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10}, {8, 11},
{9, 12}, {10, 12}}
7 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12}, {8, 9},
{8, 10}, {8, 11}}
8 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12}, {8, 9},
{8, 10}, {8, 11}}
E ′c5 Edge Splits
1 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}}
2 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}}
3 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {11, 12}}
4 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {6, 12}, {7, 8},
{8, 9}, {8, 10}, {8, 11}}
5 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 12}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {11, 12}}
6 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 12}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}}
7 : {{1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}}
8 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}}
9 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}}
10 : {{1, 4}, {1, 7}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {10, 12}}
11 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {6, 12}, {7, 8},
{8, 9}, {8, 10}, {8, 11}}
12 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 12}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {11, 12}}
13 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}}
14 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 12}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}}
15 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}}
16 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}}
17 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {10, 12}}
18 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {11, 12}}
19 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}}
20 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 12}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}}
21 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}}
22 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}}
23 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12}, {8, 9},
{8, 10}, {8, 11}, {9, 12}}
24 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}}
25 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 12}, {6, 7}, {6, 9}, {7, 8}, {8, 9}, {8, 10},
{8, 11}, {9, 12}, {11, 12}}
E ′c5 Triad Additions
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1 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 9},
{7, 8}, {8, 9}, {8, 10}, {8, 11}}
2 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {6, 12},
{7, 8}, {8, 9}, {8, 10}, {8, 11}}
3 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {6, 12},
{7, 8}, {8, 9}, {8, 10}, {8, 11}}
4 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}, {9, 12}}
5 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}, {11, 12}}
6 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}, {9, 12}}
7 : {{1, 4}, {1, 7}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}, {11, 12}}
8 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {7, 8},
{7, 12}, {8, 9}, {8, 10}, {8, 11}}
9 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}, {9, 12}}
10 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 9}, {7, 8},
{8, 9}, {8, 10}, {8, 11}, {10, 12}}
11 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {9, 12}}
12 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {10, 12}}
13 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {11, 12}}
14 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}, {10, 12}}
15 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}, {11, 12}}
16 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {9, 12}}
17 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {4, 12}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {8, 9},
{8, 10}, {8, 11}, {9, 12}, {10, 12}}
18 : {{1, 4}, {1, 7}, {1, 10}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 7}, {6, 9}, {7, 8}, {7, 12}, {8, 9},
{8, 10}, {8, 11}, {9, 12}, {10, 12}}
E ′d5 Vertex Splits
1 : {{1, 4}, {1, 10}, {1, 12}, {2, 9}, {2, 10}, {2, 11}, {2, 13}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12}, {7, 13},
{8, 9}, {8, 10}, {8, 11}}
2 : {{1, 4}, {1, 10}, {1, 12}, {2, 7}, {2, 9}, {2, 11}, {2, 13}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12}, {8, 9},
{8, 10}, {8, 11}, {10, 13}}
E ′d5 Edge Splits
1 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 13}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8},
{7, 12}, {8, 9}, {8, 10}, {8, 11}}
2 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 10}, {2, 11}, {2, 13}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {9, 13}}
3 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 11}, {5, 13}, {6, 9}, {6, 12}, {6, 13}, {7, 8},
{7, 12}, {8, 9}, {8, 10}, {8, 11}}
4 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 13}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {11, 13}}
5 : {{1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 13}, {3, 4}, {3, 8}, {4, 5}, {4, 13}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8},
{7, 12}, {8, 9}, {8, 10}, {8, 11}}
6 : {{1, 4}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {10, 13}}
7 : {{1, 4}, {1, 10}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {12, 13}}
8 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 12}, {6, 13}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {9, 13}}
9 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 13}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {12, 13}}
E ′d5 Triad Additions
1 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {2, 13}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {5, 13}, {6, 9}, {6, 12},
{7, 8}, {7, 12}, {8, 9}, {8, 10}, {8, 11}}
2 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {6, 13},
{7, 8}, {7, 12}, {8, 9}, {8, 10}, {8, 11}}
3 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8},
{7, 12}, {7, 13}, {8, 9}, {8, 10}, {8, 11}}
4 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8},
{7, 12}, {8, 9}, {8, 10}, {8, 11}, {9, 13}}
5 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8},
{7, 12}, {8, 9}, {8, 10}, {8, 11}, {11, 13}}
6 : {{1, 4}, {1, 10}, {1, 12}, {1, 13}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{8, 9}, {8, 10}, {8, 11}, {9, 13}, {11, 13}}
7 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{7, 13}, {8, 9}, {8, 10}, {8, 11}, {9, 13}}
163
8 : {{1, 4}, {1, 10}, {1, 12}, {2, 3}, {2, 7}, {2, 9}, {2, 10}, {2, 11}, {3, 4}, {3, 8}, {3, 13}, {4, 5}, {5, 6}, {5, 11}, {6, 9}, {6, 12}, {7, 8}, {7, 12},
{7, 13}, {8, 9}, {8, 10}, {8, 11}, {10, 13}}
F ′′1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10}}
F ′′1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 11}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 11}, {8, 10}, {9, 10}, {10, 11}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 11}, {9, 10}, {10, 11}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 7}, {3, 11}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10}}
7 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}, {9, 11}}
8 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 11}, {7, 10}, {8, 10}, {9, 10}, {9, 11}}
9 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 11}, {9, 10}, {10, 11}}
10 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 11}, {10, 11}}
11 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
12 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10}}
13 : {{1, 2}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 11}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
14 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
15 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 11}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {9, 10}}
16 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {9, 10}}
F ′′1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {8, 10}, {9, 10},
{9, 11}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {8, 10}, {9, 10},
{10, 11}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 11},
{9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{9, 11}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {3, 11}, {4, 7}, {4, 8}, {4, 9}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
6 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}}
F ′′1 Theta Extensions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 4}, {2, 7}, {2, 11}, {3, 5}, {3, 6}, {3, 7}, {4, 6}, {4, 7}, {4, 8}, {4, 9}, {4, 10}, {5, 6}, {5, 8}, {5, 11}, {6, 9},
{7, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 11}, {9, 10}}
F ′′a1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {10, 12}}
F ′′a1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{9, 12}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {8, 12},
{9, 10}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 12}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{9, 12}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{10, 12}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 11}, {8, 12}, {9, 10},
{10, 12}}
8 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 12},
{10, 12}}
9 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
10 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
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{9, 12}}
11 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{11, 12}}
12 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 12}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{9, 12}}
13 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 11}, {8, 12}, {9, 10},
{10, 12}}
14 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 12}, {9, 10},
{11, 12}}
15 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 12},
{10, 12}}
16 : {{1, 2}, {1, 3}, {1, 11}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
17 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{9, 12}}
18 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{11, 12}}
19 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 11}, {8, 12}, {9, 10},
{10, 12}}
20 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 12}, {9, 10},
{11, 12}}
21 : {{1, 2}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
22 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{11, 12}}
23 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}}
24 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{9, 12}}
25 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{11, 12}}
26 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{10, 12}}
27 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 12},
{10, 12}}
28 : {{1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11},
{9, 10}}
29 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{11, 12}}
30 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}}
31 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}}
32 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11}, {9, 10},
{11, 12}}
33 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{10, 12}}
34 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 11}, {8, 12}, {9, 10},
{10, 12}}
35 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 12}, {9, 10},
{11, 12}}
36 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{11, 12}}
37 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}}
38 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 12}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {8, 12},
{9, 10}}
F ′′a1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}, {10, 12}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}, {9, 12}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}, {10, 12}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11},
{8, 12}, {9, 10}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11},
{9, 10}, {10, 12}}
8 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{8, 12}, {9, 10}}
9 : {{1, 2}, {1, 3}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {9, 12}}
10 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
11 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{8, 12}, {9, 10}}
12 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}, {10, 12}}
13 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
14 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{8, 12}, {9, 10}}
15 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11},
165
{9, 10}, {10, 12}}
16 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 11},
{9, 10}, {11, 12}}
17 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10},
{8, 11}, {9, 10}}
18 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {8, 10}, {8, 11},
{9, 10}, {11, 12}}
19 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {11, 12}}
20 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {11, 12}}
F ′′a1 Theta Extensions
1 : {{1, 3}, {1, 4}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {2, 8}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 9}, {6, 7},
{6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {10, 11}}
2 : {{1, 3}, {1, 11}, {1, 13}, {1, 14}, {2, 5}, {2, 7}, {2, 8}, {2, 14}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 12},
{6, 7}, {6, 12}, {7, 9}, {7, 10}, {7, 11}, {7, 14}, {8, 10}, {8, 13}, {9, 10}, {9, 12}, {10, 13}, {11, 13}}
3 : {{1, 2}, {1, 8}, {1, 11}, {1, 12}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 9}, {3, 12}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 8},
{6, 8}, {6, 9}, {7, 10}, {7, 11}, {7, 12}, {8, 10}, {8, 11}, {9, 10}}
4 : {{1, 2}, {1, 4}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 9}, {3, 13}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 6}, {5, 7}, {5, 12},
{6, 9}, {6, 12}, {7, 8}, {7, 10}, {7, 13}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {11, 12}}
5 : {{1, 3}, {1, 8}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 8}, {5, 10}, {5, 12},
{6, 7}, {6, 9}, {6, 12}, {7, 10}, {7, 11}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {9, 12}}
6 : {{1, 2}, {1, 3}, {1, 7}, {1, 11}, {2, 7}, {2, 11}, {2, 12}, {3, 5}, {3, 6}, {3, 7}, {4, 6}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9},
{7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {10, 11}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 3}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 9}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {5, 12},
{6, 9}, {6, 12}, {7, 8}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}}
8 : {{1, 2}, {1, 3}, {1, 7}, {1, 11}, {2, 5}, {2, 7}, {2, 12}, {3, 5}, {3, 6}, {3, 7}, {3, 11}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 12}, {6, 9},
{6, 10}, {7, 9}, {7, 10}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {10, 12}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {6, 10},
{6, 12}, {7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {10, 11}}
F ′′a1 Handcuff Extensions
1 : {{1, 2}, {1, 3}, {1, 7}, {1, 14}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 12}, {5, 13}, {6, 7},
{6, 13}, {7, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 11}, {8, 12}, {8, 14}, {9, 10}, {9, 13}, {10, 12}, {11, 14}}
F ′′b1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{9, 10}}
2 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {8, 12},
{9, 10}}
3 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10},
{11, 12}}
4 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10}, {8, 12},
{9, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10}, {9, 10},
{11, 12}}
6 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {8, 12}, {9, 10},
{9, 12}}
7 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {8, 12}, {9, 10},
{11, 12}}
8 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 6}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{9, 10}}
9 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{9, 10}}
F ′′b1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{8, 12}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {11, 12}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 12}, {8, 10},
{9, 10}, {10, 12}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 12},
{9, 10}, {10, 12}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {6, 12}, {7, 10},
{8, 10}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{8, 12}, {9, 10}}
7 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {9, 12}}
8 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {11, 12}}
9 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 11}, {6, 12}, {7, 10}, {8, 10},
{9, 10}, {9, 12}}
166
10 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {8, 10},
{9, 10}, {11, 12}}
11 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 12},
{9, 10}, {10, 12}}
12 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 12}, {10, 12}}
13 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}}
14 : {{1, 2}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}}
15 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}}
16 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {6, 12}, {7, 10},
{8, 10}, {9, 10}}
17 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {7, 12},
{8, 10}, {9, 10}}
18 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {7, 12},
{8, 10}, {9, 10}}
19 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {9, 12}}
20 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 11}, {6, 12}, {7, 10}, {8, 10},
{9, 10}, {9, 12}}
21 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 12}, {8, 10},
{9, 10}, {10, 12}}
22 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 12}, {10, 12}}
23 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 12}, {9, 10}}
24 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{9, 10}, {11, 12}}
25 : {{1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{8, 12}, {9, 10}}
26 : {{1, 2}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{8, 12}, {9, 10}}
27 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 12}, {9, 10}}
28 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {6, 12}, {7, 10}, {8, 10},
{8, 12}, {9, 10}}
29 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 12}, {9, 10}}
30 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 11}, {6, 12}, {7, 10}, {8, 10}, {8, 12},
{9, 10}, {9, 12}}
31 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {8, 10}, {8, 12},
{9, 10}, {11, 12}}
32 : {{1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {10, 12}}
33 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {10, 12}}
34 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {10, 12}}
35 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10},
{10, 12}, {11, 12}}
36 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10},
{10, 12}, {11, 12}}
37 : {{1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {11, 12}}
38 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{9, 10}, {11, 12}}
39 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 12}, {8, 10}, {9, 10},
{10, 12}, {11, 12}}
40 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 12}, {9, 10},
{10, 12}, {11, 12}}
F ′′b1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {6, 12},
{7, 10}, {8, 10}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}, {9, 12}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}, {10, 12}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12},
{8, 10}, {8, 12}, {9, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12},
{8, 10}, {9, 10}, {11, 12}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{8, 12}, {9, 10}, {9, 12}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{8, 12}, {9, 10}, {11, 12}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {10, 12}, {11, 12}}
9 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {8, 12}, {9, 10}}
10 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}, {10, 12}}
11 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}, {11, 12}}
12 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {6, 12},
{7, 10}, {8, 10}, {9, 10}}
167
13 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10},
{8, 10}, {9, 10}, {10, 12}}
14 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {6, 12}, {7, 10},
{8, 10}, {8, 12}, {9, 10}}
15 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {6, 12}, {7, 10},
{8, 10}, {9, 10}, {10, 12}}
16 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{8, 12}, {9, 10}, {9, 12}}
17 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {9, 12}, {11, 12}}
18 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}, {10, 12}, {11, 12}}
19 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {6, 12}, {7, 10},
{7, 12}, {8, 10}, {9, 10}}
20 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {6, 12}, {7, 10},
{8, 10}, {9, 10}, {10, 12}}
21 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 11}, {7, 10}, {7, 12},
{8, 10}, {9, 10}, {9, 12}}
22 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 12}, {9, 10}, {11, 12}}
23 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {8, 12},
{9, 10}, {9, 12}, {11, 12}}
F ′′b1 Theta Extensions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 7}, {2, 5}, {2, 7}, {2, 12}, {3, 4}, {3, 6}, {3, 7}, {4, 5}, {4, 7}, {4, 8}, {4, 9}, {4, 10}, {4, 11}, {4, 12}, {5, 8},
{5, 12}, {6, 7}, {6, 9}, {6, 11}, {7, 8}, {7, 10}, {8, 10}, {9, 10}, {9, 11}, {11, 12}}
F ′′c1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 12},
{9, 10}}
2 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {9, 10},
{9, 12}}
3 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {9, 10},
{11, 12}}
4 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{9, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 12},
{9, 10}}
F ′′c1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 12}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 11}, {7, 12}, {8, 10},
{9, 10}, {10, 12}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 12}, {8, 10},
{9, 10}, {11, 12}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 12},
{9, 10}, {10, 12}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 12}, {10, 12}}
9 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
10 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}}
11 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 12}}
12 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
13 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 12}}
14 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 12},
{9, 10}, {10, 12}}
15 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 12}, {10, 12}}
16 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
17 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}}
18 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 12}}
19 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
20 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
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{8, 12}, {9, 10}}
21 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 12}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
22 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 12},
{9, 10}, {10, 12}}
23 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 12}, {10, 12}}
24 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
25 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {7, 12},
{8, 10}, {9, 10}}
26 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
27 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {7, 12},
{8, 10}, {9, 10}}
28 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
29 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 11}, {7, 12}, {8, 10},
{9, 10}, {10, 12}}
30 : {{1, 2}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
31 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
32 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11}, {7, 12},
{8, 10}, {9, 10}}
33 : {{1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
34 : {{1, 2}, {1, 3}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}}
35 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11}, {7, 12},
{8, 10}, {9, 10}}
36 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
37 : {{1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
38 : {{1, 2}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
39 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {11, 12}}
F ′′c1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}, {9, 12}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}, {10, 12}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {8, 12}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}, {10, 12}}
5 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}, {11, 12}}
6 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {7, 12},
{8, 10}, {8, 12}, {9, 10}}
7 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {7, 12},
{8, 10}, {9, 10}, {9, 12}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {9, 12}}
9 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {11, 12}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 12}, {11, 12}}
11 : {{1, 2}, {1, 3}, {1, 4}, {1, 12}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {10, 12}, {11, 12}}
12 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {8, 12}, {9, 10}}
13 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}, {9, 12}}
14 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11},
{8, 10}, {9, 10}, {11, 12}}
15 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10},
{7, 11}, {8, 10}, {9, 10}}
16 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {8, 12}, {9, 10}}
17 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {9, 10}, {11, 12}}
18 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {11, 12}}
19 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 12}, {11, 12}}
20 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {5, 12}, {6, 9}, {7, 10},
{7, 11}, {8, 10}, {9, 10}}
21 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {7, 10}, {7, 11}, {8, 10},
{9, 10}, {9, 12}, {11, 12}}
22 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 11}, {6, 9}, {6, 12}, {7, 10}, {7, 11},
{7, 12}, {8, 10}, {9, 10}}
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F ′′d1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {9, 13}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {12, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 13}, {10, 13}}
4 : {{1, 2}, {1, 3}, {1, 11}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}}
5 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {9, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {11, 13}}
7 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {12, 13}}
8 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 13}, {10, 13}}
F ′′d1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
F ′′d1 Theta Extensions
1 : {{1, 2}, {1, 5}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 9}, {3, 13}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 8},
{6, 9}, {7, 10}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {9, 12}, {11, 13}}
2 : {{1, 2}, {1, 5}, {1, 11}, {1, 15}, {2, 4}, {2, 5}, {2, 12}, {3, 6}, {3, 9}, {3, 13}, {3, 15}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 14}, {6, 9},
{6, 14}, {7, 9}, {7, 10}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {8, 14}, {9, 10}, {10, 14}, {11, 15}, {12, 13}, {13, 15}}
3 : {{1, 2}, {1, 5}, {1, 11}, {1, 16}, {2, 5}, {2, 12}, {2, 15}, {3, 6}, {3, 13}, {3, 14}, {3, 16}, {4, 8}, {4, 9}, {4, 11}, {4, 15}, {5, 6}, {5, 8}, {6, 8},
{6, 14}, {7, 8}, {7, 10}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {9, 14}, {9, 15}, {10, 14}, {11, 16}, {12, 13}, {12, 15},
{13, 16}}
4 : {{1, 3}, {1, 6}, {1, 11}, {1, 14}, {2, 5}, {2, 8}, {2, 13}, {2, 14}, {3, 6}, {3, 7}, {3, 10}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 9},
{6, 9}, {7, 10}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {9, 12}, {11, 14}, {12, 13}, {13, 14}}
5 : {{1, 3}, {1, 6}, {1, 11}, {1, 14}, {2, 5}, {2, 12}, {2, 13}, {2, 14}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 9}, {5, 13},
{6, 9}, {7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {8, 13}, {9, 10}, {10, 13}, {11, 14}, {12, 14}}
6 : {{1, 3}, {1, 6}, {1, 11}, {1, 14}, {2, 5}, {2, 8}, {2, 12}, {2, 14}, {3, 6}, {3, 7}, {3, 12}, {4, 8}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13},
{6, 13}, {7, 8}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {9, 12}, {9, 13}, {10, 13}, {11, 14}, {12, 14}}
7 : {{1, 3}, {1, 6}, {1, 11}, {1, 18}, {2, 5}, {2, 13}, {2, 14}, {2, 18}, {3, 6}, {3, 7}, {3, 17}, {4, 9}, {4, 12}, {4, 15}, {4, 16}, {5, 6}, {5, 14}, {5, 15},
{6, 15}, {7, 12}, {7, 13}, {7, 17}, {8, 10}, {8, 11}, {8, 14}, {8, 16}, {9, 10}, {9, 15}, {9, 17}, {10, 14}, {10, 17}, {11, 16},
{11, 18}, {12, 13}, {12, 16}, {13, 18}}
8 : {{1, 2}, {1, 3}, {1, 7}, {1, 13}, {2, 5}, {2, 12}, {2, 13}, {3, 5}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 12}, {6, 9},
{6, 10}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {8, 13}, {9, 10}, {9, 11}, {11, 13}}
9 : {{1, 2}, {1, 3}, {1, 6}, {1, 14}, {2, 5}, {2, 12}, {2, 14}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 12}, {6, 9},
{6, 10}, {7, 8}, {7, 10}, {7, 13}, {8, 10}, {8, 11}, {8, 14}, {9, 10}, {9, 11}, {11, 14}, {12, 13}}
10 : {{1, 3}, {1, 4}, {1, 11}, {1, 13}, {2, 5}, {2, 8}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 9}, {6, 7},
{6, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {10, 11}, {12, 13}}
11 : {{1, 3}, {1, 11}, {1, 14}, {1, 15}, {2, 5}, {2, 8}, {2, 12}, {2, 15}, {3, 6}, {3, 7}, {3, 15}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 13},
{6, 7}, {6, 13}, {7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 14}, {9, 10}, {9, 13}, {10, 14}, {11, 12}, {11, 14}, {12, 15}}
12 : {{1, 3}, {1, 11}, {1, 15}, {1, 16}, {2, 5}, {2, 8}, {2, 13}, {2, 16}, {3, 6}, {3, 14}, {3, 16}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 9},
{6, 9}, {6, 14}, {7, 9}, {7, 10}, {7, 12}, {7, 14}, {8, 10}, {8, 15}, {9, 10}, {9, 11}, {10, 15}, {11, 15}, {12, 13}, {12, 14},
{13, 16}}
13 : {{1, 2}, {1, 8}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 10}, {3, 13}, {4, 9}, {4, 10}, {4, 11}, {4, 12}, {5, 6}, {5, 8},
{5, 9}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {11, 12}}
14 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 11}, {2, 12}, {3, 7}, {3, 12}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 12}, {6, 8}, {6, 9},
{6, 13}, {7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {9, 13}, {10, 11}}
15 : {{1, 2}, {1, 3}, {1, 13}, {1, 15}, {2, 5}, {2, 13}, {2, 14}, {3, 7}, {3, 10}, {3, 15}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 14}, {6, 8},
{6, 9}, {6, 15}, {7, 10}, {7, 12}, {7, 14}, {8, 10}, {8, 11}, {9, 10}, {9, 12}, {9, 15}, {10, 11}, {11, 13}, {12, 14}}
16 : {{1, 2}, {1, 11}, {1, 12}, {1, 13}, {2, 5}, {2, 8}, {2, 12}, {3, 5}, {3, 6}, {3, 7}, {3, 13}, {4, 6}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9},
{7, 10}, {7, 12}, {7, 13}, {8, 9}, {8, 10}, {8, 11}, {9, 10}, {10, 12}, {11, 13}}
17 : {{1, 2}, {1, 11}, {1, 13}, {1, 14}, {2, 4}, {2, 5}, {2, 8}, {2, 12}, {2, 14}, {3, 5}, {3, 6}, {3, 7}, {3, 14}, {4, 9}, {4, 12}, {4, 13}, {5, 6}, {5, 8},
{6, 9}, {6, 10}, {7, 10}, {7, 12}, {7, 14}, {8, 10}, {8, 11}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}}
18 : {{1, 2}, {1, 4}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 8}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 10}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8},
{5, 9}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {9, 12}, {10, 11}}
19 : {{1, 2}, {1, 8}, {1, 11}, {1, 14}, {2, 5}, {2, 12}, {2, 14}, {3, 6}, {3, 7}, {3, 12}, {3, 14}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 9},
{5, 10}, {6, 9}, {6, 14}, {7, 10}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 13}, {10, 13}, {11, 12}}
F ′′d1 Handcuff Extensions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 15}, {2, 5}, {2, 8}, {2, 15}, {3, 6}, {3, 11}, {3, 14}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 13},
{6, 14}, {7, 10}, {7, 12}, {7, 14}, {7, 15}, {8, 9}, {8, 10}, {8, 11}, {9, 10}, {9, 13}, {10, 14}, {11, 12}, {12, 15}}
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2 : {{1, 2}, {1, 3}, {1, 13}, {1, 16}, {2, 5}, {2, 8}, {2, 13}, {3, 6}, {3, 15}, {3, 16}, {4, 9}, {4, 11}, {4, 12}, {4, 14}, {5, 6}, {5, 8}, {5, 14}, {6, 14},
{6, 15}, {7, 10}, {7, 12}, {7, 13}, {7, 15}, {8, 9}, {8, 10}, {8, 11}, {8, 16}, {9, 10}, {9, 14}, {10, 15}, {11, 12}, {11, 16},
{12, 13}}
3 : {{1, 2}, {1, 3}, {1, 13}, {1, 18}, {2, 5}, {2, 13}, {2, 14}, {3, 6}, {3, 16}, {3, 18}, {4, 9}, {4, 12}, {4, 15}, {4, 17}, {5, 6}, {5, 14}, {5, 15}, {6, 15},
{6, 16}, {7, 10}, {7, 12}, {7, 13}, {7, 16}, {8, 9}, {8, 10}, {8, 11}, {8, 14}, {9, 10}, {9, 15}, {10, 16}, {11, 14}, {11, 17},
{11, 18}, {12, 13}, {12, 17}, {17, 18}}
4 : {{1, 2}, {1, 3}, {1, 13}, {1, 16}, {2, 5}, {2, 13}, {2, 14}, {3, 6}, {3, 15}, {3, 16}, {4, 9}, {4, 11}, {4, 12}, {4, 16}, {5, 6}, {5, 9}, {5, 14}, {6, 9},
{6, 15}, {7, 10}, {7, 12}, {7, 13}, {7, 15}, {8, 9}, {8, 10}, {8, 11}, {8, 14}, {9, 10}, {9, 12}, {10, 15}, {11, 14}, {11, 16},
{12, 13}}
F ′′e1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 12}, {7, 13}, {8, 10}, {8, 11},
{9, 10}, {10, 12}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{9, 13}, {10, 12}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 13}, {6, 9}, {6, 13}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {10, 12}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 13}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{9, 13}, {10, 12}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 13},
{10, 12}, {10, 13}}
6 : {{1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {10, 12}}
7 : {{1, 2}, {1, 3}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{10, 12}, {11, 13}}
F ′′e1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 12}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 12}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {10, 12}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {10, 12}, {10, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {10, 12}, {12, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 12}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 12}, {8, 10}, {8, 11}, {9, 10},
{10, 12}, {11, 13}, {12, 13}}
F ′′e1 Theta Extensions
1 : {{1, 2}, {1, 5}, {1, 11}, {1, 14}, {2, 5}, {2, 10}, {2, 12}, {3, 6}, {3, 9}, {3, 13}, {3, 14}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 8},
{6, 9}, {7, 9}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {10, 12}, {11, 14}, {12, 13}, {13, 14}}
2 : {{1, 2}, {1, 5}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {3, 14}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 8},
{6, 13}, {7, 9}, {7, 12}, {7, 14}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {9, 13}, {10, 12}, {10, 13}, {11, 14}}
3 : {{1, 2}, {1, 5}, {1, 11}, {1, 18}, {2, 5}, {2, 12}, {2, 17}, {3, 6}, {3, 13}, {3, 14}, {3, 18}, {4, 7}, {4, 9}, {4, 14}, {4, 16}, {5, 6}, {5, 15}, {6, 14},
{6, 15}, {7, 12}, {7, 13}, {7, 16}, {8, 10}, {8, 11}, {8, 15}, {8, 16}, {9, 10}, {9, 14}, {9, 17}, {10, 15}, {10, 17}, {11, 16},
{11, 18}, {12, 13}, {12, 17}, {13, 18}}
4 : {{1, 2}, {1, 11}, {1, 12}, {1, 13}, {2, 5}, {2, 6}, {2, 12}, {3, 4}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 10},
{6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {10, 12}, {11, 13}}
5 : {{1, 2}, {1, 11}, {1, 12}, {1, 15}, {2, 5}, {2, 8}, {2, 12}, {3, 7}, {3, 13}, {3, 14}, {3, 15}, {4, 8}, {4, 9}, {4, 11}, {4, 14}, {5, 6}, {5, 8}, {5, 13},
{6, 9}, {6, 10}, {6, 13}, {7, 10}, {7, 12}, {7, 14}, {8, 10}, {8, 11}, {9, 10}, {9, 14}, {10, 12}, {11, 15}, {13, 15}}
6 : {{1, 2}, {1, 11}, {1, 12}, {1, 16}, {2, 5}, {2, 6}, {2, 12}, {3, 6}, {3, 7}, {3, 13}, {3, 16}, {4, 9}, {4, 11}, {4, 13}, {4, 15}, {5, 6}, {5, 8}, {5, 15},
{6, 9}, {6, 10}, {6, 16}, {7, 12}, {7, 13}, {7, 14}, {8, 10}, {8, 14}, {8, 15}, {9, 10}, {9, 13}, {10, 14}, {11, 15}, {11, 16},
{12, 14}}
7 : {{1, 2}, {1, 11}, {1, 12}, {1, 16}, {2, 5}, {2, 12}, {2, 15}, {3, 4}, {3, 7}, {3, 13}, {3, 16}, {4, 6}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 13},
{5, 15}, {6, 9}, {6, 13}, {7, 12}, {7, 14}, {8, 10}, {8, 11}, {8, 15}, {9, 10}, {9, 14}, {10, 14}, {10, 15}, {11, 16}, {12, 14},
{13, 16}}
8 : {{1, 2}, {1, 3}, {1, 12}, {1, 14}, {2, 5}, {2, 8}, {2, 12}, {3, 7}, {3, 13}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9},
{6, 10}, {6, 13}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {8, 14}, {9, 10}, {9, 11}, {10, 12}, {11, 14}}
9 : {{1, 2}, {1, 3}, {1, 12}, {1, 14}, {2, 5}, {2, 6}, {2, 12}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 7},
{6, 9}, {6, 10}, {7, 12}, {8, 10}, {8, 12}, {8, 13}, {9, 10}, {9, 11}, {10, 12}, {11, 13}, {11, 14}, {13, 14}}
10 : {{1, 3}, {1, 4}, {1, 11}, {1, 13}, {2, 5}, {2, 8}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 9}, {6, 7},
{6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {10, 11}, {10, 12}, {12, 13}}
11 : {{1, 3}, {1, 11}, {1, 14}, {1, 15}, {2, 5}, {2, 8}, {2, 12}, {2, 15}, {3, 6}, {3, 7}, {3, 15}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {5, 13},
{6, 7}, {6, 13}, {7, 11}, {7, 12}, {8, 10}, {8, 14}, {9, 10}, {9, 12}, {9, 13}, {10, 12}, {10, 14}, {11, 14}, {12, 15}}
12 : {{1, 2}, {1, 8}, {1, 11}, {1, 13}, {2, 5}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 9}, {3, 13}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 6}, {5, 8}, {5, 12},
{6, 8}, {6, 9}, {7, 11}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {10, 12}}
13 : {{1, 2}, {1, 5}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 12}, {3, 5}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {6, 9},
{6, 10}, {7, 9}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {10, 12}, {11, 13}}
14 : {{1, 3}, {1, 8}, {1, 11}, {1, 13}, {2, 5}, {2, 6}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 10},
{6, 7}, {6, 9}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {9, 11}, {10, 12}, {12, 13}}
15 : {{1, 3}, {1, 8}, {1, 11}, {1, 14}, {2, 5}, {2, 12}, {2, 13}, {2, 14}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 8}, {5, 10}, {5, 13},
{6, 7}, {6, 9}, {6, 13}, {7, 11}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {9, 13}, {10, 12}, {12, 14}}
16 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 3}, {2, 5}, {2, 8}, {2, 12}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 10},
{6, 13}, {7, 9}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {10, 11}, {10, 12}}
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F ′′e1 Handcuff Extensions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 15}, {2, 5}, {2, 8}, {2, 15}, {3, 6}, {3, 11}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 6}, {5, 8}, {5, 13}, {6, 13},
{6, 14}, {7, 12}, {7, 14}, {7, 15}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {9, 11}, {9, 13}, {10, 12}, {10, 13}, {12, 15}}
2 : {{1, 2}, {1, 3}, {1, 13}, {1, 16}, {2, 5}, {2, 8}, {2, 13}, {3, 6}, {3, 15}, {3, 16}, {4, 7}, {4, 9}, {4, 11}, {4, 15}, {5, 6}, {5, 8}, {5, 14}, {6, 14},
{6, 15}, {7, 12}, {7, 13}, {7, 15}, {8, 10}, {8, 11}, {8, 12}, {8, 16}, {9, 10}, {9, 11}, {9, 14}, {10, 12}, {10, 14}, {11, 16},
{12, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 15}, {2, 5}, {2, 15}, {2, 16}, {3, 6}, {3, 11}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 6}, {5, 13}, {5, 16}, {6, 13},
{6, 14}, {7, 12}, {7, 14}, {7, 15}, {8, 10}, {8, 11}, {8, 12}, {8, 16}, {9, 10}, {9, 11}, {9, 13}, {10, 12}, {10, 13}, {11, 16},
{12, 15}}
4 : {{1, 2}, {1, 3}, {1, 13}, {1, 18}, {2, 5}, {2, 13}, {2, 14}, {3, 6}, {3, 16}, {3, 18}, {4, 7}, {4, 9}, {4, 16}, {4, 17}, {5, 6}, {5, 14}, {5, 15}, {6, 15},
{6, 16}, {7, 12}, {7, 13}, {7, 16}, {8, 10}, {8, 11}, {8, 12}, {8, 14}, {9, 10}, {9, 15}, {9, 17}, {10, 12}, {10, 15}, {11, 14},
{11, 17}, {11, 18}, {12, 13}, {17, 18}}
F ′′f1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {9, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{9, 10}, {12, 13}}
F ′′f1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {10, 13}}
8 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
9 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 11},
{8, 13}, {9, 10}, {10, 13}}
10 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 13}, {10, 13}}
11 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
12 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
13 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
14 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
15 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
16 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
17 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 11},
{8, 13}, {9, 10}, {10, 13}}
18 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
19 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 13}, {10, 13}}
20 : {{1, 2}, {1, 3}, {1, 11}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
21 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
22 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
23 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
24 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
25 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 11},
{8, 13}, {9, 10}, {10, 13}}
26 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
27 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 13}, {10, 13}}
28 : {{1, 2}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
29 : {{1, 2}, {1, 3}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
30 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}}
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31 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
32 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
33 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
34 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {10, 13}}
35 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
36 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 13}, {10, 13}}
37 : {{1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
38 : {{1, 2}, {1, 3}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
39 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}}
40 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
41 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {10, 13}}
42 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 11},
{8, 13}, {9, 10}, {10, 13}}
43 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
44 : {{1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
45 : {{1, 2}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
46 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
47 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
48 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
49 : {{1, 2}, {1, 3}, {1, 11}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
50 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
51 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
52 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
53 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
F ′′f1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10},
{7, 12}, {8, 10}, {8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {4, 13}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10},
{7, 12}, {8, 10}, {8, 11}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {9, 13}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {12, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
8 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
9 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}, {9, 13}}
10 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {9, 13}}
11 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {12, 13}}
12 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}, {12, 13}}
13 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 13}, {12, 13}}
14 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
15 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {9, 13}}
16 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
17 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {12, 13}}
18 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
19 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {11, 13}}
20 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {9, 13}}
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21 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {12, 13}}
22 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}, {11, 13}}
23 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 13}, {11, 13}}
24 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 13}, {12, 13}}
25 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}, {12, 13}}
26 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
27 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {11, 13}}
28 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {12, 13}}
29 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {12, 13}}
30 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 13}, {11, 13}}
31 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}, {12, 13}}
32 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}, {11, 13}}
33 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
34 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 8}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}, {11, 13}}
F ′′f1 Theta Extensions
1 : {{1, 2}, {1, 3}, {1, 8}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 6}, {4, 9}, {4, 11}, {4, 12}, {5, 6}, {5, 7}, {5, 13}, {6, 9}, {6, 12},
{6, 13}, {7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {8, 13}, {9, 10}, {10, 13}, {11, 12}}
F ′′g1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 12}, {7, 13}, {8, 10}, {8, 11},
{9, 10}, {10, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 13}, {8, 10}, {8, 11},
{9, 10}, {12, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 12}, {7, 13}, {8, 10}, {8, 11},
{9, 10}, {10, 13}}
F ′′g1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {10, 13}}
8 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
9 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 11},
{8, 13}, {9, 10}, {10, 13}}
10 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 13}, {10, 13}}
11 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
12 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
13 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
14 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
15 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
16 : {{1, 2}, {1, 3}, {1, 11}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
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{8, 10}, {8, 11}, {9, 10}}
17 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
18 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
19 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
20 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
21 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 11},
{8, 13}, {9, 10}, {10, 13}}
22 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
23 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 13}, {10, 13}}
24 : {{1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
25 : {{1, 2}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
26 : {{1, 2}, {1, 3}, {1, 11}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
27 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
28 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
29 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
30 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {12, 13}}
31 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 11},
{8, 13}, {9, 10}, {10, 13}}
32 : {{1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}}
33 : {{1, 2}, {1, 3}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
34 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}}
35 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}}
36 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
37 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
38 : {{1, 2}, {1, 3}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {11, 13}}
39 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
40 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 13}, {9, 10}, {11, 13}}
41 : {{1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
42 : {{1, 2}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
43 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
44 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
45 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
46 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {8, 13}, {9, 10}}
47 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{8, 13}, {9, 10}, {9, 13}}
48 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{8, 13}, {9, 10}, {9, 13}}
49 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 13}, {7, 10}, {7, 12}, {8, 10}, {8, 11},
{8, 13}, {9, 10}, {12, 13}}
50 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 13}, {8, 10}, {8, 11},
{8, 13}, {9, 10}, {12, 13}}
51 : {{1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
52 : {{1, 2}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
53 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
54 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10},
{8, 11}, {9, 10}, {9, 13}}
55 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10}, {8, 13},
{9, 10}, {9, 13}, {11, 13}}
F ′′g1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {7, 10},
{7, 12}, {8, 10}, {8, 11}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10},
{7, 12}, {8, 10}, {8, 11}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
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{8, 10}, {8, 11}, {9, 10}, {12, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {6, 13}, {7, 10},
{7, 12}, {8, 10}, {8, 11}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {5, 13}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {9, 13}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
8 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
9 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
10 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {9, 10}, {9, 13}}
11 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {9, 13}}
12 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {12, 13}}
13 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}, {12, 13}}
14 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 13}, {12, 13}}
15 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10},
{7, 12}, {8, 10}, {8, 11}, {9, 10}}
16 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
17 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {9, 13}}
18 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
19 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {12, 13}}
20 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10},
{7, 12}, {8, 10}, {8, 11}, {9, 10}}
21 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
22 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
23 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
24 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {9, 13}}
25 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
26 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {10, 13}}
27 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {9, 10}, {12, 13}}
28 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {9, 13}}
29 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {8, 13}, {9, 10}, {12, 13}}
30 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 13}, {11, 13}}
31 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {10, 13}, {11, 13}}
32 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
33 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 13}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 11}, {8, 13}, {9, 10}}
F ′′g1 Theta Extensions
1 : {{1, 3}, {1, 7}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 9}, {4, 7}, {4, 8}, {4, 9}, {4, 11}, {5, 8}, {5, 10}, {5, 12},
{6, 7}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {11, 13}}
2 : {{1, 3}, {1, 11}, {1, 14}, {1, 15}, {2, 5}, {2, 7}, {2, 8}, {2, 15}, {3, 6}, {3, 7}, {3, 15}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 7}, {5, 8}, {5, 12},
{6, 7}, {6, 12}, {6, 13}, {7, 9}, {7, 10}, {7, 11}, {7, 12}, {7, 15}, {8, 10}, {8, 14}, {9, 10}, {9, 13}, {10, 14}, {11, 14}, {12, 13}}
3 : {{1, 2}, {1, 8}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 9}, {3, 13}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 7}, {5, 8}, {5, 12},
{6, 7}, {6, 9}, {6, 12}, {7, 10}, {7, 11}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {8, 12}, {9, 10}}
4 : {{1, 2}, {1, 4}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {3, 9}, {3, 14}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 7}, {5, 12}, {5, 13},
{6, 7}, {6, 9}, {6, 12}, {7, 8}, {7, 10}, {7, 12}, {7, 14}, {8, 10}, {8, 11}, {8, 13}, {9, 10}, {11, 13}, {12, 13}}
5 : {{1, 2}, {1, 3}, {1, 7}, {1, 13}, {2, 5}, {2, 7}, {2, 13}, {3, 6}, {3, 7}, {3, 12}, {4, 6}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 7}, {5, 8}, {5, 12},
{6, 9}, {6, 12}, {7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {8, 12}, {9, 10}, {10, 11}, {11, 13}}
6 : {{1, 2}, {1, 7}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {2, 12}, {3, 6}, {3, 7}, {3, 12}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 12}, {5, 13},
{6, 9}, {6, 10}, {6, 12}, {7, 8}, {7, 9}, {7, 10}, {7, 12}, {7, 14}, {8, 10}, {8, 13}, {9, 10}, {11, 13}, {11, 14}}
7 : {{1, 3}, {1, 8}, {1, 11}, {1, 13}, {2, 5}, {2, 7}, {2, 12}, {2, 13}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 8}, {5, 10}, {5, 12},
{6, 7}, {6, 9}, {6, 12}, {7, 10}, {7, 11}, {7, 12}, {7, 13}, {8, 10}, {8, 11}, {9, 10}, {9, 12}}
8 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 7}, {5, 8}, {5, 12}, {6, 7},
{6, 12}, {6, 13}, {7, 9}, {7, 10}, {7, 12}, {8, 10}, {8, 11}, {9, 10}, {9, 13}, {10, 11}, {12, 13}}
9 : {{1, 2}, {1, 3}, {1, 11}, {1, 13}, {2, 3}, {2, 5}, {2, 7}, {2, 8}, {3, 7}, {3, 14}, {4, 6}, {4, 7}, {4, 9}, {4, 11}, {5, 7}, {5, 8}, {5, 12}, {6, 9},
{6, 12}, {6, 14}, {7, 9}, {7, 10}, {7, 11}, {7, 12}, {7, 14}, {8, 10}, {8, 13}, {9, 10}, {10, 13}, {11, 13}, {12, 14}}
10 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {2, 8}, {3, 6}, {3, 7}, {3, 12}, {4, 7}, {4, 9}, {4, 11}, {5, 7}, {5, 8}, {5, 12}, {6, 9}, {6, 10},
{6, 12}, {7, 9}, {7, 10}, {7, 12}, {7, 13}, {8, 11}, {8, 13}, {9, 10}, {10, 13}, {11, 13}}
11 : {{1, 2}, {1, 3}, {1, 8}, {1, 11}, {2, 3}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 6}, {4, 7}, {4, 9}, {4, 11}, {5, 7}, {5, 12}, {5, 13}, {6, 9}, {6, 12},
{7, 9}, {7, 10}, {7, 11}, {7, 12}, {8, 10}, {8, 11}, {8, 13}, {9, 10}, {10, 13}, {12, 13}}
F ′′g1 Handcuff Extensions
176
1 : {{1, 2}, {1, 3}, {1, 7}, {1, 13}, {2, 5}, {2, 7}, {2, 15}, {3, 6}, {3, 7}, {3, 13}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 7}, {5, 12}, {5, 15}, {6, 7},
{6, 12}, {6, 14}, {7, 9}, {7, 10}, {7, 11}, {7, 12}, {8, 10}, {8, 11}, {8, 13}, {8, 15}, {9, 10}, {9, 14}, {10, 15}, {11, 13}, {12, 14}}
F ′′h1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 14}, {3, 6}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {7, 14},
{8, 10}, {8, 13}, {9, 10}, {11, 13}}
2 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 14}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {7, 14},
{8, 10}, {8, 13}, {9, 10}, {11, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 14}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 14}, {8, 10},
{8, 13}, {9, 10}, {11, 13}, {13, 14}}
4 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 14}, {3, 6}, {3, 14}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {7, 14},
{8, 10}, {8, 13}, {9, 10}, {11, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 14}, {3, 6}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 12}, {7, 13}, {7, 14}, {8, 10},
{8, 13}, {9, 10}, {10, 14}, {11, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 14}, {3, 6}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 13}, {7, 14}, {8, 10},
{8, 13}, {9, 10}, {11, 13}, {12, 14}}
F ′′h1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{7, 14}, {8, 10}, {8, 13}, {9, 10}, {11, 13}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 13}, {9, 10}, {9, 14}, {11, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 12}, {5, 14}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 13}, {8, 14}, {9, 10}, {11, 13}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 14}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 13}, {9, 10}, {11, 13}, {12, 14}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 12}, {7, 13}, {7, 14},
{8, 10}, {8, 13}, {9, 10}, {10, 14}, {11, 13}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 13}, {7, 14},
{8, 10}, {8, 13}, {9, 10}, {11, 13}, {12, 14}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 13}, {8, 14}, {9, 10}, {10, 14}, {11, 13}}
8 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 14}, {7, 10}, {7, 12},
{7, 13}, {8, 10}, {8, 13}, {9, 10}, {11, 13}}
9 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {4, 7}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 13}, {9, 10}, {9, 14}, {11, 13}}
10 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 13}, {9, 10}, {11, 13}, {11, 14}}
11 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 12}, {6, 14}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 13}, {9, 10}, {9, 14}, {11, 13}}
12 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 14}, {9, 10}, {11, 13}, {13, 14}}
13 : {{1, 2}, {1, 3}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13}, {7, 14},
{8, 10}, {8, 13}, {9, 10}, {11, 13}, {11, 14}}
F ′′h1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {5, 14}, {6, 9}, {6, 12}, {7, 10},
{7, 12}, {7, 13}, {8, 10}, {8, 13}, {9, 10}, {11, 13}}
2 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {6, 14}, {7, 10},
{7, 12}, {7, 13}, {8, 10}, {8, 13}, {9, 10}, {11, 13}}
3 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{7, 13}, {8, 10}, {8, 13}, {8, 14}, {9, 10}, {11, 13}}
4 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{7, 13}, {8, 10}, {8, 13}, {9, 10}, {10, 14}, {11, 13}}
5 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{7, 13}, {8, 10}, {8, 13}, {9, 10}, {11, 13}, {12, 14}}
6 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {5, 14}, {6, 9}, {6, 12}, {6, 14}, {7, 10},
{7, 12}, {7, 13}, {8, 10}, {8, 13}, {9, 10}, {11, 13}}
7 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {5, 14}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{7, 13}, {8, 10}, {8, 13}, {9, 10}, {9, 14}, {11, 13}}
8 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{7, 14}, {8, 10}, {8, 13}, {8, 14}, {9, 10}, {11, 13}}
9 : {{1, 2}, {1, 3}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {3, 6}, {3, 7}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12}, {7, 13},
{8, 10}, {8, 13}, {9, 10}, {10, 14}, {11, 13}, {12, 14}}
10 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10},
{7, 12}, {7, 13}, {8, 10}, {8, 13}, {9, 10}, {11, 13}}
11 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{7, 13}, {8, 10}, {8, 13}, {9, 10}, {10, 14}, {11, 13}}
12 : {{1, 2}, {1, 3}, {1, 11}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {5, 8}, {5, 12}, {6, 9}, {6, 12}, {7, 10}, {7, 12},
{7, 13}, {8, 10}, {8, 13}, {9, 10}, {11, 13}, {12, 14}}
F ′′h1 Theta Extensions
1 : {{1, 3}, {1, 4}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {2, 8}, {2, 14}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 11}, {5, 7}, {5, 8}, {5, 12}, {6, 7},
{6, 9}, {6, 12}, {7, 10}, {7, 11}, {7, 12}, {7, 13}, {7, 14}, {8, 10}, {8, 13}, {9, 10}, {9, 12}, {10, 13}, {11, 13}}
2 : {{1, 3}, {1, 11}, {1, 13}, {1, 15}, {2, 5}, {2, 7}, {2, 8}, {2, 15}, {3, 6}, {3, 7}, {3, 15}, {4, 7}, {4, 9}, {4, 11}, {4, 14}, {5, 7}, {5, 8}, {5, 12},
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{6, 7}, {6, 12}, {6, 14}, {7, 9}, {7, 10}, {7, 11}, {7, 12}, {7, 13}, {7, 15}, {8, 10}, {8, 13}, {9, 10}, {9, 14}, {10, 13}, {11, 13},
{12, 14}}
3 : {{1, 3}, {1, 7}, {1, 11}, {1, 14}, {2, 5}, {2, 7}, {2, 12}, {2, 14}, {3, 6}, {3, 7}, {3, 12}, {4, 6}, {4, 7}, {4, 9}, {4, 11}, {4, 13}, {5, 8}, {5, 10},
{5, 12}, {6, 9}, {6, 12}, {7, 8}, {7, 9}, {7, 10}, {7, 12}, {7, 13}, {7, 14}, {8, 10}, {8, 13}, {9, 10}, {11, 13}, {11, 14}}
4 : {{1, 3}, {1, 11}, {1, 13}, {1, 14}, {2, 5}, {2, 7}, {2, 12}, {2, 14}, {3, 6}, {3, 7}, {3, 14}, {4, 7}, {4, 9}, {4, 10}, {4, 11}, {5, 8}, {5, 10}, {5, 12},
{6, 7}, {6, 9}, {6, 12}, {7, 8}, {7, 10}, {7, 11}, {7, 12}, {7, 13}, {7, 14}, {8, 10}, {8, 13}, {9, 10}, {9, 12}, {11, 13}}
F ′′h1 Handcuff Extensions
1 : {{1, 2}, {1, 3}, {1, 7}, {1, 16}, {2, 5}, {2, 7}, {2, 14}, {3, 6}, {3, 7}, {3, 16}, {4, 7}, {4, 9}, {4, 11}, {4, 15}, {5, 7}, {5, 12}, {5, 14}, {6, 7},
{6, 12}, {6, 15}, {7, 8}, {7, 9}, {7, 10}, {7, 11}, {7, 12}, {7, 13}, {8, 10}, {8, 13}, {8, 14}, {9, 10}, {9, 15}, {10, 14}, {11, 13},
{11, 16}, {12, 15}, {13, 16}}
G′1 Vertex Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {2, 7}, {2, 11}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10}}
G′1 Edge Splits
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {9, 10}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {7, 11}, {8, 10}, {9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 11}, {8, 10}, {9, 10}, {10, 11}}
4 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 5}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {8, 11}, {9, 10}}
5 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 9}, {6, 11}, {7, 10}, {8, 10}, {8, 11}, {9, 10}}
6 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 11}, {9, 10}, {10, 11}}
7 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {7, 11}, {8, 10}, {9, 10}, {10, 11}}
G′1 Triad Additions
1 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {5, 11}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10},
{10, 11}}
2 : {{1, 2}, {1, 3}, {1, 4}, {1, 11}, {2, 5}, {2, 7}, {3, 5}, {3, 8}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {7, 11}, {8, 10}, {8, 11},
{9, 10}}
3 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {6, 11}, {7, 10}, {8, 10},
{9, 10}}
4 : {{1, 2}, {1, 3}, {1, 4}, {2, 5}, {2, 7}, {2, 11}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 9}, {5, 6}, {6, 7}, {6, 8}, {6, 9}, {7, 10}, {8, 10}, {9, 10},
{9, 11}}
G′1 Theta Extensions
1 : {{1, 3}, {1, 4}, {1, 5}, {1, 11}, {2, 5}, {2, 6}, {2, 7}, {2, 11}, {3, 5}, {3, 8}, {3, 11}, {4, 5}, {4, 6}, {4, 9}, {5, 6}, {5, 8}, {5, 11}, {6, 7},
{6, 8}, {6, 9}, {6, 10}, {7, 9}, {7, 10}, {8, 10}, {9, 10}}
Q Edge Additions
1 : {{1, 2}, {1, 3}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
2 : {{1, 2}, {1, 4}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
3 : {{1, 2}, {1, 5}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
4 : {{1, 2}, {1, 6}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
5 : {{1, 2}, {1, 7}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
6 : {{1, 2}, {1, 8}, {1, 9}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
7 : {{1, 2}, {1, 8}, {1, 10}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
8 : {{1, 2}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 7}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
9 : {{1, 2}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
10 : {{1, 2}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 9}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7},
{6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
11 : {{1, 2}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 11}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12},
{6, 7}, {6, 11}, {6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
12 : {{1, 2}, {1, 8}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 10}, {3, 12}, {4, 5}, {4, 10}, {4, 12}, {5, 6}, {5, 11}, {5, 12}, {6, 7}, {6, 11},
{6, 12}, {7, 8}, {7, 9}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 11}, {9, 12}, {10, 12}, {11, 12}}
Q′ Vertex Splits
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1 : {{1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {6, 12}, {7, 10}, {7, 11},
{8, 10}, {8, 11}, {9, 10}, {9, 11}, {10, 11}}
2 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
3 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
4 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
5 : {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
6 : {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
7 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
8 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
9 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
10 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
11 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
12 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
13 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
14 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
15 : {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
16 : {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
17 : {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
18 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
19 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
20 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
21 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
22 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
23 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
24 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
25 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
26 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 12}, {11, 12}}
27 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
28 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
29 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 12}, {11, 12}}
30 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 11}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
31 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 12}, {11, 12}}
32 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 11}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
33 : {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 12}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
34 : {{1, 2}, {1, 6}, {1, 7}, {1, 11}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
35 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
36 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 12}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
37 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 12}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
38 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
39 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 12}, {11, 12}}
40 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 11}, {11, 12}}
41 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 12}, {4, 5}, {4, 11}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 12}, {11, 12}}
42 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 12}, {9, 10}, {9, 11}, {10, 11}, {11, 12}}
43 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 12}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 11}, {10, 12}, {11, 12}}
44 : {{1, 2}, {1, 6}, {1, 7}, {1, 12}, {2, 3}, {2, 12}, {3, 4}, {3, 8}, {3, 11}, {4, 5}, {4, 12}, {5, 6}, {5, 9}, {5, 11}, {6, 11}, {7, 10}, {7, 11}, {8, 10},
{8, 11}, {9, 10}, {9, 12}, {10, 12}, {11, 12}}
179
Q Vertex Splits
1 : {{1, 11}, {1, 12}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}}
2 : {{1, 7}, {1, 12}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {11, 13}}
3 : {{1, 7}, {1, 11}, {1, 12}, {1, 13}, {2, 11}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}}
4 : {{1, 7}, {1, 11}, {1, 12}, {1, 13}, {2, 3}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {11, 13}}
5 : {{1, 7}, {1, 11}, {1, 12}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
6 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 11}, {2, 12}, {2, 13}, {3, 5}, {3, 12}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {4, 13}, {5, 6}, {5, 12}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}}
7 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 11}, {2, 12}, {2, 13}, {3, 4}, {3, 12}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {5, 13}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}}
8 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 11}, {2, 12}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
9 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 5}, {3, 12}, {3, 13}, {4, 9}, {4, 10}, {4, 12}, {4, 13}, {5, 6}, {5, 12}, {5, 13}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}}
10 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 5}, {3, 12}, {3, 13}, {4, 5}, {4, 10}, {4, 12}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {9, 13}, {10, 11}, {10, 12}, {11, 12}}
11 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 5}, {3, 12}, {3, 13}, {4, 5}, {4, 9}, {4, 12}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {10, 13}, {11, 12}}
12 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 5}, {3, 12}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
13 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
14 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
15 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
16 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
17 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
18 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
19 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
20 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
21 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
22 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
23 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
24 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
25 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
26 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
27 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
28 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
29 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
30 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
31 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
32 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
33 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
34 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
35 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
36 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
37 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
38 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
39 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
40 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
41 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
42 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
43 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
44 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
45 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
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{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
46 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
47 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
48 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
49 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
50 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
51 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
52 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
53 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
54 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
55 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
56 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
57 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
58 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
59 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
60 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
61 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
62 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
63 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
64 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
65 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
66 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
67 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
68 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
69 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
70 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
71 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
72 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
73 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
74 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
75 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
76 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
77 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
78 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
79 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
80 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
81 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
82 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
83 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
84 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
85 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
86 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
87 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
88 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
89 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
90 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
181
91 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
92 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
93 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
94 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
95 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
96 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
97 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
98 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
99 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
100 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
101 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
102 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
103 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
104 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
105 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
106 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
107 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
108 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
109 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
110 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
111 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
112 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
113 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
114 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
115 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
116 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
117 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
118 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
119 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
120 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
121 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
122 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
123 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
124 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
125 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
126 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
127 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
128 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
129 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
130 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
131 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
132 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
133 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
134 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
135 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
136 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
182
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
137 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
138 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
139 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
140 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
141 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
142 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
143 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
144 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
145 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
146 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
147 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
148 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
149 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
150 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
151 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
152 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
153 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
154 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 13}, {12, 13}}
155 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
156 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
157 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
158 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
159 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
160 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
161 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
162 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
163 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
164 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
165 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
166 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
167 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
168 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
169 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
170 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
171 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
172 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
173 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
174 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
175 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
176 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
177 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
178 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
179 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
180 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
181 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
183
182 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
183 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
184 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
185 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
186 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
187 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
188 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
189 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
190 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
191 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
192 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
193 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
194 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
195 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
196 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
197 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 13}, {12, 13}}
198 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
199 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
200 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
201 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
202 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
203 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
204 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
205 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
206 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
207 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
208 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
209 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
210 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
211 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
212 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
213 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
214 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
215 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
216 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
217 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
218 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
219 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
220 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
221 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
222 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
223 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
224 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
225 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
226 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
227 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
184
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
228 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
229 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 13}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
230 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
231 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
232 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
233 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
234 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
235 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
236 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
237 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
238 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
239 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
240 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
241 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
242 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
243 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
244 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
245 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
246 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
247 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
248 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
249 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
250 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
251 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
252 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
253 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
254 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
255 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
256 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
257 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
258 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
259 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
260 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
261 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
262 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
263 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
264 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
265 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
266 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
267 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
268 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
269 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
270 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
271 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
272 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
185
273 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
274 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 13}, {12, 13}}
275 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
276 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
277 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
278 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
279 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
280 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
281 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
282 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 13}, {12, 13}}
283 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
284 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
285 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
286 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
287 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
288 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 12}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 13}, {12, 13}}
289 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
290 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
291 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
292 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
293 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 13}, {12, 13}}
294 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 12}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 13}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
295 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 12}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 13}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 12}, {9, 10}, {9, 13}, {10, 11}, {10, 13}, {11, 12}, {12, 13}}
Qg Vertex Splits
1 : {{1, 11}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {7, 14}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
2 : {{1, 7}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {11, 14}, {12, 13}}
3 : {{1, 7}, {1, 11}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
4 : {{1, 7}, {1, 11}, {1, 13}, {1, 14}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
5 : {{1, 7}, {1, 11}, {1, 13}, {1, 14}, {2, 3}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {11, 14}, {12, 13}}
6 : {{1, 7}, {1, 11}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
7 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 11}, {2, 13}, {2, 14}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
8 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {5, 14}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
9 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
10 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
11 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
12 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}}
13 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
14 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
15 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 9}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}}
16 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 9}, {4, 10}, {4, 14}, {5, 6}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
17 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8}, {6, 12},
{7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}}
18 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 10}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8}, {6, 12},
{7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
19 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8}, {6, 12},
{7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}, {13, 14}}
20 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
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21 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {6, 14}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
22 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
23 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 8}, {6, 12},
{6, 14}, {7, 8}, {7, 13}, {7, 14}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
24 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 7}, {6, 12},
{6, 14}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {8, 14}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
25 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 14}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
26 : {{1, 2}, {1, 11}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 8}, {6, 12},
{6, 14}, {7, 8}, {7, 13}, {7, 14}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
27 : {{1, 2}, {1, 11}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 13}, {7, 14}, {8, 9}, {8, 12}, {8, 14}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
28 : {{1, 2}, {1, 11}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 14}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
29 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 12},
{6, 14}, {7, 13}, {7, 14}, {8, 9}, {8, 12}, {8, 14}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
30 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 12},
{6, 14}, {7, 8}, {7, 13}, {8, 12}, {8, 14}, {9, 10}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
31 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 12},
{6, 14}, {7, 8}, {7, 13}, {8, 9}, {8, 14}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
32 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 12}, {8, 14}, {9, 10}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
33 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}}
34 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
35 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 12}, {9, 14}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}}
36 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {10, 14}, {11, 12}, {11, 14}, {12, 13}}
37 : {{1, 2}, {1, 7}, {1, 11}, {1, 13}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 14}, {11, 12}, {12, 13}, {12, 14}}
38 : {{1, 2}, {1, 7}, {1, 13}, {1, 14}, {2, 3}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 12}, {11, 14}, {12, 13}}
39 : {{1, 2}, {1, 7}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 12}, {10, 14}, {11, 12}, {11, 14}, {12, 13}}
40 : {{1, 2}, {1, 7}, {1, 13}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 13}, {8, 9}, {8, 12}, {9, 10}, {9, 12}, {10, 11}, {10, 12}, {11, 14}, {12, 13}, {12, 14}}
Qh Vertex Splits
1 : {{1, 11}, {1, 12}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {7, 14}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
2 : {{1, 7}, {1, 12}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {11, 14}, {12, 13}}
3 : {{1, 7}, {1, 11}, {1, 14}, {2, 3}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
4 : {{1, 7}, {1, 11}, {1, 12}, {1, 14}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
5 : {{1, 7}, {1, 11}, {1, 12}, {1, 14}, {2, 3}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {11, 14}, {12, 13}}
6 : {{1, 7}, {1, 11}, {1, 12}, {1, 14}, {2, 3}, {2, 11}, {2, 14}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
7 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 11}, {2, 13}, {2, 14}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
8 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {5, 14}, {6, 7},
{6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
9 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 11}, {2, 13}, {2, 14}, {3, 4}, {3, 5}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
10 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
11 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {9, 14}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
12 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}}
13 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 5}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 14}, {5, 6}, {5, 12}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
14 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 9}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {10, 14}, {11, 12}, {12, 13}}
15 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 9}, {4, 10}, {4, 14}, {5, 6}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {13, 14}}
16 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 13}, {3, 14}, {4, 9}, {4, 10}, {4, 13}, {4, 14}, {5, 6}, {5, 12}, {5, 14},
{6, 7}, {6, 8}, {6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
17 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {6, 14}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
18 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 13}, {3, 14}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 6}, {5, 14}, {6, 7}, {6, 8},
{6, 12}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
19 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 8}, {6, 12},
{6, 14}, {7, 8}, {7, 12}, {7, 14}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
20 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 7}, {6, 12},
{6, 14}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {8, 14}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}}
21 : {{1, 2}, {1, 7}, {1, 11}, {1, 12}, {2, 3}, {2, 11}, {2, 13}, {3, 4}, {3, 5}, {3, 13}, {4, 5}, {4, 9}, {4, 10}, {4, 13}, {5, 12}, {5, 14}, {6, 7}, {6, 8},
{6, 14}, {7, 8}, {7, 12}, {8, 9}, {8, 13}, {9, 10}, {9, 13}, {10, 11}, {10, 12}, {11, 12}, {12, 13}, {12, 14}}
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Appendix H
Minors for Chapter 5
This appendix summarizes the vertex splits, edge splits, triad additions, theta extensions,
and handcuff extensions and their minors for A2, B7, C3, C4, D2, D17, D
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′, Qg and Qh which are needed for
the proof of Lemmas 5.2.1–5.2.16 and Lemma 5.3.3.
A2 Minors
Below are the vertex splits of A2 and their minors needed for Lemma 5.2.1.
A2 Vertex Splits
Vertex Split Delete Contract Minor
AVS12 = A2 + (1→ {2, 3}) {{2, 3}} − B7
AVS22 = A2 + (1→ {2, 4}) {{1, 6}, {2, 4}} − D′3
AVS32 = A2 + (1→ {2, 6}) {{1, 3}, {4, 5}} − D′3
AVS42 = A2 + (4→ {1, 2}) {{1, 2}, {1, 6}} − D′3
AVS52 = A2 + (4→ {1, 7}) {{2, 3}} − E′3
AVS62 = A2 + (4→ {1, 2, 3}) {{1, 5}, {2, 7}, {3, 6}} − D17
AVS72 = A2 + (4→ {1, 2, 6}) {{1, 2}, {1, 6}, {3, 7}, {5, 7}} − E18
B7 Minors
Below are the vertex splits and edge splits of B7 and their minors needed for Lemma 5.2.2.
B7 Vertex Splits
Vertex Split Delete Contract Minor
BVS17 = B7 + (1→ {2, 3}) {{5, 6}} {{3, 8}} D′3
BVS27 = B7 + (1→ {2, 6}) {{2, 6}} − C3
BVS37 = B7 + (2→ {1, 4}) {{5, 6}, {5, 7}, {6, 7}} − E22
BVS47 = B7 + (2→ {1, 5}) {{1, 5}} {{3, 4}} D′3
BVS57 = B7 + (2→ {1, 6}) {{1, 6}} − C3
BVS67 = B7 + (2→ {1, 7}) {{1, 5}} {{3, 4}} D′3
BVS77 = B7 + (2→ {5, 6}) {{2, 4}, {5, 6}, {5, 7}} − F ′1
BVS87 = B7 + (2→ {6, 7}) {{6, 7}} − C4
BVS97 = B7 + (5→ {1, 2}) {{1, 2}} {{3, 4}} D′3
BVS107 = B7 + (5→ {1, 4}) {{1, 6}} {{3, 8}} D′3
BVS117 = B7 + (5→ {1, 7}) {{2, 4}} {{1, 9}} D′3
Continued on next page
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B7 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
BVS127 = B7 + (5→ {2, 6}) {{2, 4}, {2, 6}, {5, 7}} − F ′1
BVS137 = B7 + (5→ {1, 2, 4}) {{1, 6}, {2, 7}, {2, 9}} − E20
BVS147 = B7 + (5→ {1, 2, 7}) {{1, 2}, {2, 7}, {6, 8}} {{1, 3}} E18
BVS157 = B7 + (5→ {1, 4, 8}) {{1, 2}, {2, 7}, {5, 6}} − F ′1
B7 Edge Splits
Edge Split Delete Contract Minor
BES17 = B7 + (1, {4, 7}) {{1, 5}, {1, 6}, {2, 5}, {2, 7}} − E20
BES27 = B7 + (2, {3, 8}) {{1, 5}, {2, 5}, {2, 6}, {4, 7}} − E20
BES37 = B7 + (3, {2, 5}) {{1, 5}, {2, 6}, {2, 7}, {4, 5}} − E20
BES47 = B7 + (3, {2, 6}) {{1, 2}, {5, 6}, {5, 8}, {6, 7}} − E20
C3 Minors
Below are the vertex splits, edge splits, and triad additions of C3 and their minors needed
for Lemma 5.2.3.
C3 Vertex Splits
Vertex Split Delete Contract Minor
CVS13 = C3 + (2→ {1, 5}) {{6, 9}} − D2
CVS23 = C3 + (2→ {1, 6}) {{5, 9}} {{1, 4}} D′′3
CVS33 = C3 + (2→ {1, 9}) {{3, 5}, {5, 6}} {{1, 3}} F ′1
CVS43 = C3 + (5→ {2, 3}) {{2, 9}, {5, 6}, {6, 7}} − F4
CVS53 = C3 + (5→ {2, 4}) {{2, 6}, {5, 9}} {{2, 9}} E20
CVS63 = C3 + (5→ {2, 6}) {{2, 6}, {3, 5}} {{1, 3}} F ′1
CVS73 = C3 + (5→ {2, 7}) {{3, 6}} {{2, 10}} D′′3
CVS83 = C3 + (5→ {2, 9}) {{2, 9}} {{1, 4}} D′′3
CVS93 = C3 + (5→ {4, 6}) − {{1, 4}} E′′3
CVS103 = C3 + (5→ {2, 3, 4}) {{2, 6}, {3, 7}} {{7, 8}} E20
CVS113 = C3 + (5→ {2, 3, 7}) {{3, 7}, {6, 9}} {{1, 4}, {7, 8}} E18
CVS123 = C3 + (5→ {2, 4, 7}) {{3, 6}, {6, 9}} {{1, 3}, {8, 9}} E18
CVS133 = C3 + (5→ {2, 4, 9}) {{2, 6}, {2, 10}} {{1, 2}} E20
CVS143 = C3 + (6→ {2, 3}) {{5, 7}, {5, 9}} {{4, 8}} E22
CVS153 = C3 + (6→ {2, 5}) {{2, 5}, {3, 5}} {{1, 3}} F ′1
CVS163 = C3 + (6→ {2, 7}) {{3, 5}, {5, 9}} {{1, 3}, {8, 9}} E18
CVS173 = C3 + (6→ {2, 9}) {{2, 9}} − D2
C3 Edge Splits
Edge Split Delete Contract Minor
CES13 = C3 + (1, {5, 6}) {{4, 5}} {{1, 4}} E′′3
Continued on next page
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C3 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
CES23 = C3 + (1, {5, 7}) {{3, 5}, {4, 5}, {6, 7}} {{1, 4}} E20
CES33 = C3 + (1, {6, 7}) {{3, 6}, {4, 5}, {5, 7}} {{1, 4}} E20
CES43 = C3 + (1, {7, 8}) {{2, 5}, {2, 6}, {5, 9}} {{1, 2}} E20
CES53 = C3 + (2, {3, 7}) {{2, 9}, {4, 5}, {5, 6}} {{1, 4}, {4, 8}} E18
CES63 = C3 + (2, {4, 8}) {{3, 5}, {3, 6}} {{1, 3}} D′′3
CES73 = C3 + (2, {7, 8}) {{2, 5}, {2, 6}, {5, 9}} {{1, 2}} E20
CES83 = C3 + (4, {2, 6}) {{3, 5}, {5, 9}, {6, 7}} {{1, 3}, {8, 9}} E18
CES93 = C3 + (4, {2, 9}) {{3, 5}, {3, 6}, {5, 6}} {{1, 3}} E22
CES103 = C3 + (6, {1, 4}) {{2, 5}, {3, 7}, {5, 6}, {6, 9}} − F4
C3 Triad Additions
Triad Addition Delete Contract Minor
CTA13 = C3 + (1, 6, 8) {{2, 5}, {2, 6}, {3, 7}, {5, 6}} {{1, 2}} E22
CTA23 = C3 + (1, 7, 9) {{2, 5}, {5, 9}, {6, 9}, {7, 8}} {{4, 8}} E20
CTA33 = C3 + (2, 4, 7) {{2, 6}, {3, 5}, {5, 9}, {6, 7}} {{1, 3}, {8, 9}} E18
C4 Minors
Below are the vertex splits, edge splits, and triad additions of C4 and their minors needed
for Lemma 5.2.4.
C4 Vertex Splits
Vertex Split Delete Contract Minor
CVS14 = C4 + (1→ {2, 3}) {{5, 6}} {{2, 7}} D′′3
CVS24 = C4 + (1→ {2, 6}) {{4, 5}, {5, 8}} {{1, 3}} E22
CVS34 = C4 + (5→ {1, 2}) {{1, 2}} {{3, 4}} D′′3
CVS44 = C4 + (5→ {1, 4}) {{1, 6}, {5, 8}} {{3, 8}} F ′1
CVS54 = C4 + (5→ {1, 9}) {{2, 4}, {5, 10}} {{1, 10}} F ′1
CVS64 = C4 + (5→ {1, 2, 4}) {{1, 6}, {2, 10}, {5, 8}} − G′1
CVS74 = C4 + (5→ {1, 2, 8}) {{1, 2}, {4, 9}} {{2, 4}} F ′1
CVS84 = C4 + (5→ {1, 4, 8}) {{1, 3}, {3, 4}} {{3, 8}} E22
C4 Edge Splits
Edge Split Delete Contract Minor
CES14 = C4 + (1, {4, 9}) {{1, 5}, {1, 6}, {5, 8}} {{3, 8}} F ′1
CES24 = C4 + (1, {7, 9}) {{1, 5}, {2, 4}, {5, 9}} {{9, 10}} F ′1
CES34 = C4 + (3, {2, 5}) {{1, 5}, {4, 5}, {5, 8}} {{5, 10}} E22
CES44 = C4 + (3, {2, 7}) {{1, 2}, {4, 5}, {5, 6}} {{7, 10}} F ′1
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C4 Triad Additions
Triad Addition Delete Contract Minor
CTA14 = C4 + (1, 4, 7) {{1, 2}, {2, 4}, {5, 6}, {5, 9}} {{2, 5}} E22
CTA24 = C4 + (3, 5, 7) {{1, 5}, {4, 5}, {5, 8}, {5, 10}} {{3, 10}} E22
D2 Minors
Below are the vertex splits, edge splits, and triad additions of D2 and their minors needed
for Lemma 5.2.5.
D2 Vertex Splits
Vertex Split Delete Contract Minor
DVS12 = D2 + (3→ {2, 5}) {{6, 7}, {6, 8}} {{2, 7}} F ′′1
DVS22 = D2 + (3→ {2, 6}) {{5, 8}} − E2
DVS32 = D2 + (6→ {1, 3}) {{3, 8}, {5, 6}} {{2, 7}} F ′′1
DVS42 = D2 + (6→ {1, 7}) {{6, 9}} {{1, 4}, {4, 9}} E20
DVS52 = D2 + (6→ {1, 8}) − {{1, 2}, {8, 11}} D′′3
DVS62 = D2 + (6→ {3, 5}) {{1, 6}, {3, 5}} {{1, 2}} F ′′1
DVS72 = D2 + (6→ {1, 3, 5}) {{3, 8}} {{1, 4}, {2, 3}} E20
DVS82 = D2 + (6→ {1, 3, 8}) {{3, 8}} {{1, 4}, {2, 7}, {8, 10}} E18
DVS92 = D2 + (6→ {1, 7, 9}) {{1, 11}} {{1, 2}, {2, 7}} E20
D2 Edge Splits
Edge Split Delete Contract Minor
DES12 = D2 + (1, {3, 5}) {{6, 7}, {6, 8}} {{2, 7}, {9, 10}} E22
DES22 = D2 + (1, {3, 8}) {{5, 6}, {6, 7}} {{2, 7}, {4, 5}, {7, 10}} E18
DES32 = D2 + (1, {7, 10}) {{3, 5}, {3, 6}, {6, 8}} {{2, 3}} F ′′1
DES42 = D2 + (1, {8, 10}) {{1, 6}, {6, 7}} {{1, 4}, {2, 7}} E20
DES52 = D2 + (2, {4, 5}) {{6, 7}, {6, 9}} {{2, 7}, {4, 9}} E20
DES62 = D2 + (2, {4, 9}) {{3, 6}, {3, 8}, {5, 6}} {{2, 3}} F4
DES72 = D2 + (2, {5, 6}) {{1, 6}, {3, 6}, {5, 8}} {{1, 2}} F4
DES82 = D2 + (2, {5, 8}) {{5, 6}, {6, 8}} {{4, 5}, {8, 10}} E22
DES92 = D2 + (2, {6, 9}) {{1, 6}, {6, 7}} {{1, 2}, {2, 7}} E20
DES102 = D2 + (3, {1, 4}) {{6, 7}} {{2, 7}, {4, 9}} D′′3
DES112 = D2 + (3, {4, 9}) {{1, 6}, {3, 6}, {5, 8}} {{1, 2}} F4
D2 Triad Additions
Triad Addition Delete Contract Minor
DTA12 = D2 + (1, 3, 9) {{3, 8}, {5, 6}, {6, 7}} {{2, 7}, {4, 5}, {7, 10}} E18
DTA22 = D2 + (1, 3, 10) {{1, 6}, {2, 3}, {6, 9}} {{1, 2}, {4, 9}} E20
DTA32 = D2 + (1, 7, 9) {{3, 5}, {3, 6}, {5, 6}} {{2, 3}, {4, 5}} E22
DTA42 = D2 + (2, 4, 8) {{3, 5}, {6, 7}, {6, 8}} {{2, 7}, {9, 10}} E22
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D2 Triad Additions – continued from previous page
Triad Addition Delete Contract Minor
DTA52 = D2 + (2, 4, 10) {{3, 5}, {3, 6}, {5, 6}} {{2, 3}, {4, 5}} E22
D17 Minors
Below are the vertex splits, edge splits, and triad additions of D17 and D
a
17 and their minors
needed for Lemma 5.2.6.
D17 Vertex Splits
Vertex Split Delete Contract Minor
DVS117 = D17 + (1→ {2, 3}) {{2, 3}} − E20
D17 Edge Splits
Edge Split Delete Contract Minor
DES117 = D17 + (1, {5, 6}) − − Da17
Da17 Vertex Splits
Vertex Split Delete Contract Minor
DaVS117 = D
a
17 + (1→ {2, 3}) {{1, 9}, {2, 3}} {{5, 9}} E20
DaVS217 = D
a
17 + (1→ {2, 7}) {{1, 9}, {3, 4}} {{5, 9}} E20
DaVS317 = D
a
17 + (1→ {2, 9}) {{3, 4}, {7, 8}} {{9, 10}} E22
DaVS417 = D
a
17 + (1→ {3, 4}) {{1, 9}, {3, 4}} {{5, 9}} E20
DaVS517 = D
a
17 + (1→ {3, 7}) {{1, 9}, {2, 4}} {{5, 9}} E20
DaVS617 = D
a
17 + (1→ {3, 9}) {{2, 4}, {3, 5}} {{5, 9}} E20
DaVS717 = D
a
17 + (1→ {7, 9}) {{5, 7}, {6, 7}} {{7, 8}} E20
DaVS817 = D
a
17 + (2→ {1, 3}) {{1, 3}, {1, 9}} {{5, 9}} E20
DaVS917 = D
a
17 + (2→ {1, 8}) {{1, 9}, {3, 4}} {{5, 9}} E20
DaVS1017 = D
a
17 + (3→ {1, 2}) {{1, 2}, {1, 9}} {{5, 9}} E20
DaVS1117 = D
a
17 + (3→ {1, 4}) {{1, 4}, {1, 9}} {{5, 9}} E20
DaVS1217 = D
a
17 + (3→ {1, 5}) {{1, 9}, {2, 4}} {{5, 9}} E20
DaVS1317 = D
a
17 + (5→ {3, 7}) {{1, 7}, {6, 8}} {{5, 9}} E20
DaVS1417 = D
a
17 + (5→ {3, 8}) {{1, 9}, {6, 7}} {{5, 9}} E20
DaVS1517 = D
a
17 + (5→ {3, 9}) {{1, 9}, {7, 8}} {{6, 9}} E20
DaVS1617 = D
a
17 + (7→ {1, 5}) {{1, 9}, {6, 8}} {{5, 9}} E20
DaVS1717 = D
a
17 + (7→ {1, 8}) {{1, 9}, {5, 9}} {{6, 9}} E20
DaVS1817 = D
a
17 + (8→ {2, 5}) {{1, 9}, {6, 7}} {{5, 9}} E20
DaVS1917 = D
a
17 + (8→ {2, 7}) {{1, 9}, {5, 9}} {{6, 9}} E20
Da17 Edge Splits
Edge Split Delete Contract Minor
DaES117 = D
a
17 + (1, {5, 8}) {{1, 3}, {2, 4}, {6, 8}} − E′′5
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Da17 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
DaES217 = D
a
17 + (2, {5, 7}) {{1, 2}, {3, 4}, {7, 8}} {{7, 10}} E22
DaES317 = D
a
17 + (2, {5, 9}) {{1, 2}, {3, 4}, {7, 8}} {{9, 10}} E22
DaES417 = D
a
17 + (3, {6, 7}) {{1, 7}, {3, 5}, {5, 8}} {{5, 7}} E20
DaES517 = D
a
17 + (3, {6, 9}) {{1, 9}, {3, 5}, {7, 8}} {{5, 9}} E20
DaES617 = D
a
17 + (3, {7, 8}) {{1, 7}, {3, 5}, {6, 9}} {{1, 9}} E20
DaES717 = D
a
17 + (5, {1, 2}) {{1, 3}, {2, 4}, {5, 7}, {6, 8}} − F4
DaES817 = D
a
17 + (5, {1, 4}) {{2, 4}} {{2, 8}, {6, 9}} D′3
DaES917 = D
a
17 + (5, {2, 4}) {{1, 2}, {3, 4}, {5, 7}, {6, 8}} − F4
DaES1017 = D
a
17 + (5, {4, 6}) {{1, 7}, {5, 7}, {6, 7}} {{7, 8}} E20
DaES1117 = D
a
17 + (7, {2, 3}) {{1, 4}, {1, 7}, {3, 5}} {{5, 9}} E20
DaES1217 = D
a
17 + (7, {3, 4}) {{1, 2}, {1, 7}, {3, 5}} {{5, 9}} E20
DaES1317 = D
a
17 + (8, {1, 9}) {{1, 7}, {5, 7}, {6, 7}} {{7, 8}} E20
DaES1417 = D
a
17 + (8, {3, 4}) {{1, 3}, {1, 4}, {5, 8}, {6, 8}} − F4
DaES1517 = D
a
17 + (9, {2, 3}) {{1, 4}, {1, 9}, {3, 5}} {{5, 9}} E20
DaES1617 = D
a
17 + (9, {2, 8}) {{1, 7}, {5, 7}, {6, 7}} {{7, 8}} E20
DaES1717 = D
a
17 + (9, {3, 4}) {{1, 2}, {1, 9}, {3, 5}} {{5, 9}} E20
DaES1817 = D
a
17 + (9, {7, 8}) {{1, 7}, {5, 8}, {5, 9}} {{3, 5}} E20
Da17 Triad Additions
Triad Addition Delete Contract Minor
DaTA117 = D
a
17 + (2, 5, 6) {{1, 2}, {3, 4}, {5, 7}, {6, 7}} {{1, 7}} E22
DaTA217 = D
a
17 + (2, 7, 9) {{1, 7}, {2, 8}, {5, 7}, {6, 7}} {{7, 8}} E20
DaTA317 = D
a
17 + (3, 7, 9) {{1, 7}, {3, 5}, {5, 7}, {6, 8}} {{5, 8}} E20
DaTA417 = D
a
17 + (3, 8, 9) {{1, 7}, {3, 10}, {5, 8}, {6, 8}} {{8, 10}} E20
E2 Minors
Below are the vertex splits, edge splits, triad additions, and theta extensions of E2 and their
minors needed for Lemma 5.2.7.
E2 Vertex Splits
Vertex Split Delete Contract Minor
EVS12 = E2 + (7→ {2, 3}) {{5, 7}} {{2, 4}, {4, 5}} F4
EVS22 = E2 + (7→ {2, 10}) − {{1, 2}, {10, 12}} E′′5
EVS32 = E2 + (7→ {2, 3, 5}) {{2, 12}} {{1, 2}, {1, 3}} F4
EVS42 = E2 + (7→ {2, 3, 9}) − {{1, 8}, {3, 6}, {4, 5}, {9, 11}} E18
E2 Edge Splits
Edge Split Delete Contract Minor
EES12 = E2 + (1, {4, 5}) {{7, 8}, {7, 9}} {{1, 8}, {4, 9}} F4
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Edge Split Delete Contract Minor
EES22 = E2 + (1, {5, 7}) {{2, 7}, {3, 7}} {{1, 2}, {1, 3}} F4
EES32 = E2 + (2, {3, 6}) {{7, 10}} {{6, 10}, {6, 12}} E′′5
EES42 = E2 + (2, {6, 10}) {{2, 7}, {3, 7}} {{1, 3}, {2, 4}} F4
E2 Triad Additions
Triad Addition Delete Contract Minor
ETA12 = E2 + (1, 4, 6) {{7, 8}, {7, 9}} {{1, 8}, {4, 9}, {10, 11}} E22
ETA22 = E2 + (1, 4, 10) {{3, 7}, {7, 10}} {{1, 3}, {5, 6}, {10, 11}} E22
ETA32 = E2 + (1, 5, 9) {{5, 7}, {7, 9}} {{2, 4}, {5, 6}, {9, 11}} E22
ETA42 = E2 + (2, 3, 5) {{7, 8}, {7, 9}} {{1, 8}, {4, 9}, {10, 11}} E22
ETA52 = E2 + (2, 3, 9) {{1, 3}, {2, 7}, {7, 9}} {{1, 2}, {9, 11}} F4
E2 Theta Extensions
Theta Extension Delete Contract Minor
ETE12 − − Q
E18 Minors











18 and their minors needed for Lemma 5.2.8.
E18 Vertex Splits
Vertex Split Delete Contract Minor
EVS118 = E18 + (1→ {2, 3}) − − Ea18
E18 Edge Splits
Edge Split Delete Contract Minor
EES118 = E18 + (3, {2, 6}) {{1, 2}} − Ea18
E18 Triad Additions
Triad Addition Delete Contract Minor
ETA118 = E18 + (1, 4, 6) {{1, 2}, {4, 5}} − E22
Ea18 Vertex Splits
Vertex Split Delete Contract Minor
EaVS118 = E
a
18 + (2→ {4, 6}) − − Eb18
EaVS218 = E
a
18 + (2→ {4, 7}) {{4, 5}} − F ′′1
EaVS318 = E
a
18 + (4→ {2, 3}) {{5, 7}} − F4
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Ea18 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
EaVS418 = E
a
18 + (4→ {2, 5}) − − Ec18
EaVS518 = E
a
18 + (5→ {1, 4}) − {{1, 10}} F ′1
Ea18 Edge Splits
Edge Split Delete Contract Minor
EaES118 = E
a
18 + (1, {2, 4}) {{1, 5}} {{3, 9}} F1′
EaES218 = E
a
18 + (1, {2, 6}) {{4, 5}, {7, 8}} − F4
EaES318 = E
a
18 + (1, {3, 4}) {{4, 5}} {{4, 10}} F ′1
EaES418 = E
a
18 + (2, {1, 5}) {{4, 5}} − E′′5
EaES518 = E
a
18 + (3, {1, 5}) {{4, 8}} {{1, 8}} E22
EaES618 = E
a
18 + (3, {2, 6}) {{2, 4}, {5, 7}} − F4
EaES718 = E
a
18 + (3, {5, 6}) {{2, 4}} − Ec18
EaES818 = E
a
18 + (4, {1, 9}) {{4, 5}} {{1, 10}} F ′1
EaES918 = E
a
18 + (5, {2, 9}) {{4, 5}} {{3, 9}} E22
EaES1018 = E
a
18 + (6, {1, 9}) {{4, 5}} {{9, 10}} F ′1
EaES1118 = E
a
18 + (6, {3, 4}) {{4, 5}} {{3, 9}} F ′1
EaES1218 = E
a
18 + (9, {4, 5}) {{2, 7}, {4, 8}} − F4
Ea18 Triad Additions
Triad Addition Delete Contract Minor
EaTA118 = E
a
18 + (1, 3, 6) {{1, 5}, {2, 4}} {{2, 9}} F ′1
EaTA218 = E
a
18 + (1, 4, 6) {{4, 5}, {5, 6}} {{1, 5}} F ′1
EaTA318 = E
a
18 + (1, 4, 7) {{4, 5}, {7, 10}} {{1, 10}} F ′1
EaTA418 = E
a
18 + (2, 3, 5) {{1, 5}, {2, 4}} {{1, 8}} E22
EaTA518 = E
a
18 + (3, 5, 8) {{1, 5}, {4, 8}} {{1, 8}} E22
EaTA618 = E
a
18 + (4, 6, 7) {{2, 4}, {5, 7}} {{1, 9}} E22
EaTA718 = E
a
18 + (4, 6, 9) {{3, 4}, {4, 5}} {{3, 7}} F ′1
Eb18 Vertex Splits
Vertex Split Delete Contract Minor
EbVS118 = E
b
18 + (4→ {3, 5}) − − Ed18
EbVS218 = E
b
18 + (4→ {3, 10}) {{5, 7}} {{2, 10}} F4
EbVS318 = E
b
18 + (5→ {1, 4}) − {{1, 11}, {2, 10}} F ′1
EbVS418 = E
b
18 + (5→ {1, 7}) − {{1, 11}, {2, 10}} F ′1
EbVS518 = E
b
18 + (7→ {2, 3}) {{4, 5}} {{2, 10}} F4
EbVS618 = E
b
18 + (7→ {2, 5}) − {{1, 9}, {2, 11}} F ′1
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Eb18 Edge Splits
Edge Split Delete Contract Minor
EbES118 = E
b
18 + (1, {2, 7}) {{1, 5}} {{2, 10}, {3, 9}} F ′1
EbES218 = E
b
18 + (1, {2, 10}) {{4, 5}} {{3, 4}, {10, 11}} F ′1
EbES318 = E
b
18 + (1, {3, 7}) {{5, 7}} {{2, 10}, {7, 11}} F ′1
EbES418 = E
b
18 + (1, {4, 10}) {{1, 5}} {{2, 10}, {3, 9}} F ′1
EbES518 = E
b
18 + (2, {1, 5}) {{2, 9}} {{1, 9}, {2, 11}} F ′1
EbES618 = E
b
18 + (2, {3, 4}) {{1, 5}, {7, 8}} {{1, 8}} F4
EbES718 = E
b
18 + (2, {4, 5}) {{1, 5}} {{1, 8}, {6, 10}} F ′1
EbES818 = E
b
18 + (2, {5, 6}) {{1, 5}} {{1, 8}, {5, 11}} F ′1
EbES918 = E
b
18 + (3, {1, 5}) {{3, 9}} {{1, 9}, {2, 9}} F ′1
EbES1018 = E
b
18 + (3, {2, 10}) {{1, 5}} {{1, 8}, {10, 11}} F ′1
EbES1118 = E
b
18 + (3, {5, 6}) {{1, 5}} {{1, 8}, {6, 10}} F ′1
EbES1218 = E
b
18 + (3, {6, 10}) {{1, 5}} {{1, 8}, {10, 11}} F ′1
EbES1318 = E
b
18 + (4, {1, 9}) {{4, 5}} {{1, 11}, {2, 10}} F ′1
EbES1418 = E
b
18 + (4, {2, 7}) {{4, 5}} {{3, 9}, {6, 10}} F ′1
EbES1518 = E
b
18 + (4, {2, 9}) {{1, 5}} {{1, 8}} E′′5
EbES1618 = E
b
18 + (5, {2, 9}) {{1, 5}} {{1, 8}, {2, 11}} F ′1
EbES1718 = E
b
18 + (5, {2, 10}) {{1, 5}} {{1, 8}, {2, 11}} F ′1
EbES1818 = E
b
18 + (5, {3, 9}) {{1, 5}} {{1, 8}, {2, 9}} F ′1
EbES1918 = E
b
18 + (6, {2, 7}) {{1, 5}} {{1, 8}, {2, 9}} E22
EbES2018 = E
b
18 + (6, {3, 4}) {{4, 5}} {{2, 9}, {3, 11}} F ′1
EbES2118 = E
b
18 + (6, {3, 7}) {{4, 5}} {{2, 9}, {3, 11}} F ′1
EbES2218 = E
b
18 + (7, {1, 9}) {{5, 7}} {{1, 11}, {2, 10}} F ′1
EbES2318 = E
b
18 + (7, {4, 10}) {{5, 7}} {{1, 9}, {6, 10}} E22
EbES2418 = E
b
18 + (9, {4, 5}) {{2, 7}, {4, 8}} {{2, 9}} F4
EbES2518 = E
b
18 + (9, {4, 10}) {{1, 5}} {{1, 8}, {6, 10}} E22
EbES2618 = E
b
18 + (9, {5, 6}) {{4, 5}} {{2, 10}, {6, 11}} F ′1
EbES2718 = E
b
18 + (9, {5, 7}) {{1, 5}, {1, 8}} {{1, 9}} F4
EbES2818 = E
b
18 + (9, {6, 10}) {{4, 5}} {{2, 10}, {6, 11}} F ′1
EbES2918 = E
b
18 + (10, {1, 5}) {{4, 5}} {{1, 11}, {3, 4}} F ′1
EbES3018 = E
b
18 + (10, {1, 9}) {{4, 5}} {{1, 11}, {3, 4}} F ′1
EbES3118 = E
b
18 + (10, {3, 7}) {{1, 5}} {{1, 8}, {2, 9}} F ′1
EbES3218 = E
b
18 + (10, {3, 9}) {{1, 5}} {{1, 8}, {3, 11}} F ′1
EbES3318 = E
b
18 + (10, {5, 7}) {{1, 5}, {4, 8}} {{1, 8}} F4
Eb18 Triad Additions
Triad Addition Delete Contract Minor
EbTA118 = E
b
18 + (1, 2, 4) {{1, 5}, {4, 10}} {{2, 10}, {3, 9}} F ′1
EbTA218 = E
b
18 + (1, 2, 6) {{4, 5}, {6, 10}, {7, 8}} {{2, 10}} F4
EbTA318 = E
b
18 + (1, 3, 6) {{1, 5}, {2, 7}} {{2, 9}, {2, 10}} F ′1
EbTA418 = E
b
18 + (1, 3, 10) {{1, 5}, {3, 9}} {{1, 9}, {3, 11}} F ′1
EbTA518 = E
b
18 + (1, 4, 6) {{4, 5}, {5, 6}} {{1, 5}, {2, 10}} F ′1
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Triad Addition Delete Contract Minor
EbTA618 = E
b
18 + (1, 4, 7) {{4, 5}, {7, 11}} {{1, 11}, {2, 10}} F ′1
EbTA718 = E
b
18 + (1, 6, 7) {{5, 6}, {5, 7}} {{1, 5}, {2, 10}} F ′1
EbTA818 = E
b
18 + (1, 7, 10) {{1, 5}, {2, 7}} {{2, 9}, {3, 9}} F ′1
EbTA918 = E
b
18 + (2, 3, 5) {{1, 5}, {3, 9}} {{1, 8}, {1, 9}} F ′1
EbTA1018 = E
b
18 + (2, 3, 6) {{2, 7}, {4, 5}} {{1, 9}, {4, 10}} F ′1
EbTA1118 = E
b
18 + (2, 5, 8) {{1, 5}, {8, 11}} {{1, 8}, {2, 11}} F ′1
EbTA1218 = E
b
18 + (3, 5, 8) {{4, 5}, {4, 8}, {5, 7}} {{3, 4}} F4
EbTA1318 = E
b
18 + (3, 5, 10) {{1, 5}, {5, 6}} {{1, 8}, {6, 8}} F ′1
EbTA1418 = E
b
18 + (4, 6, 7) {{4, 5}, {5, 6}, {7, 8}} {{1, 5}} F4
EbTA1518 = E
b
18 + (4, 6, 9) {{3, 4}, {4, 5}} {{2, 10}, {3, 7}} F ′1
EbTA1618 = E
b
18 + (5, 9, 10) {{1, 5}, {4, 8}, {5, 7}} {{1, 8}} F4
EbTA1718 = E
b
18 + (6, 7, 9) {{3, 7}, {5, 6}} {{2, 10}, {3, 4}} F ′1
Ec18 Vertex Splits
Vertex Split Delete Contract Minor
EcVS118 = E
c
18 + (2→ {6, 7}) − {{1, 9}, {2, 10}} F ′1
EcVS218 = E
c
18 + (2→ {6, 9}) − {{1, 9}, {2, 10}} F ′1
EcVS318 = E
c
18 + (2→ {6, 10}) − − Ed18
EcVS418 = E
c
18 + (5→ {1, 6}) − {{1, 9}, {5, 10}} F ′1
EcVS518 = E
c
18 + (5→ {1, 10}) − {{1, 9}, {10, 11}} F ′1
EcVS618 = E
c
18 + (7→ {2, 3}) {{4, 8}} {{3, 4}} F4
EcVS718 = E
c
18 + (7→ {2, 8}) − − Ee18
Ec18 Edge Splits
Edge Split Delete Contract Minor
EcES118 = E
c
18 + (1, {2, 6}) {{2, 9}} {{1, 9}, {2, 10}} F ′1
EcES218 = E
c
18 + (1, {2, 7}) {{1, 5}} {{3, 9}, {4, 10}} F ′1
EcES318 = E
c
18 + (1, {2, 10}) {{1, 5}} {{1, 9}, {10, 11}} F ′1
EcES418 = E
c
18 + (1, {3, 4}) {{4, 8}} {{4, 10}, {4, 11}} F ′1
EcES518 = E
c
18 + (1, {3, 7}) {{5, 7}} {{4, 10}, {7, 11}} F ′1
EcES618 = E
c
18 + (1, {4, 10}) {{1, 5}} {{1, 9}, {10, 11}} F ′1
EcES718 = E
c
18 + (2, {1, 5}) {{2, 7}, {2, 9}} {{1, 9}} F4
EcES818 = E
c
18 + (2, {1, 8}) {{4, 8}} {{3, 4}} E′′5
EcES918 = E
c
18 + (2, {3, 4}) {{2, 10}, {5, 7}} {{4, 10}} F4
EcES1018 = E
c
18 + (2, {4, 8}) {{2, 7}} {{1, 9}, {3, 4}} E22
EcES1118 = E
c
18 + (3, {1, 5}) {{4, 8}} {{1, 8}, {3, 4}} E22
EcES1218 = E
c
18 + (3, {1, 8}) {{2, 7}, {3, 9}} {{1, 9}} F4
EcES1318 = E
c
18 + (3, {2, 6}) {{2, 7}, {4, 8}} {{3, 4}} F4
EcES1418 = E
c
18 + (3, {5, 6}) {{2, 7}} − Ee18
EcES1518 = E
c
18 + (4, {1, 5}) {{4, 8}} {{1, 11}, {4, 10}} F ′1
EcES1618 = E
c
18 + (4, {1, 9}) {{4, 8}} {{1, 11}, {4, 10}} F ′1
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Edge Split Delete Contract Minor
EcES1718 = E
c
18 + (4, {2, 6}) {{1, 5}} {{1, 8}, {5, 10}} F ′1
EcES1818 = E
c
18 + (4, {2, 7}) {{1, 8}, {5, 7}} {{1, 5}} F4
EcES1918 = E
c
18 + (4, {2, 9}) {{1, 5}, {7, 8}} {{1, 8}} F4
EcES2018 = E
c
18 + (4, {5, 6}) {{1, 5}} {{1, 8}, {6, 11}} F ′1
EcES2118 = E
c
18 + (4, {5, 7}) {{1, 8}, {2, 7}} {{1, 5}} F4
EcES2218 = E
c
18 + (5, {2, 9}) {{1, 5}, {2, 7}} {{1, 8}} F4
EcES2318 = E
c
18 + (6, {1, 9}) {{2, 9}} {{3, 4}, {3, 9}} F ′1
EcES2418 = E
c
18 + (6, {3, 4}) {{1, 5}} {{1, 8}, {4, 11}} F ′1
EcES2518 = E
c
18 + (6, {3, 7}) {{2, 6}} {{1, 9}, {3, 4}} F ′1
EcES2618 = E
c
18 + (7, {1, 9}) {{5, 7}} {{1, 11}, {4, 10}} F ′1
Ec18 Triad Additions
Triad Addition Delete Contract Minor
EcTA118 = E
c
18 + (1, 2, 4) {{1, 5}, {2, 10}} {{3, 9}, {4, 10}} F ′1
EcTA218 = E
c
18 + (1, 3, 6) {{1, 5}, {2, 7}} {{2, 9}, {4, 10}} F ′1
EcTA318 = E
c
18 + (1, 3, 10) {{1, 5}, {3, 9}} {{1, 9}, {1, 11}} F ′1
EcTA418 = E
c
18 + (1, 4, 6) {{1, 5}, {2, 7}} {{2, 9}, {3, 7}} F ′1
EcTA518 = E
c
18 + (1, 4, 7) {{1, 5}, {7, 8}} {{3, 9}, {6, 8}} F ′1
EcTA618 = E
c
18 + (1, 6, 7) {{1, 5}, {2, 7}} {{2, 9}, {5, 10}} F ′1
EcTA718 = E
c
18 + (1, 6, 10) {{1, 5}, {2, 7}} {{2, 9}, {5, 7}} F ′1
EcTA818 = E
c
18 + (1, 7, 10) {{1, 5}, {3, 7}} {{1, 11}, {3, 4}} F ′1
EcTA918 = E
c
18 + (2, 3, 5) {{1, 5}, {2, 7}} {{1, 8}, {4, 10}} E22
EcTA1018 = E
c
18 + (2, 3, 8) {{1, 8}, {2, 7}} {{1, 5}, {4, 10}} E22
EcTA1118 = E
c
18 + (4, 5, 9) {{1, 5}, {2, 9}, {7, 8}} {{1, 8}} F4
EcTA1218 = E
c
18 + (4, 6, 7) {{1, 5}, {7, 11}} {{1, 8}, {4, 11}} F ′1
EcTA1318 = E
c
18 + (4, 6, 9) {{1, 5}, {3, 9}} {{1, 8}, {3, 4}} F ′1
Ed18 Vertex Splits
Vertex Split Delete Contract Minor
EdVS118 = E
d





18 + (5→ {1, 7}) − {{2, 9}, {3, 11}, {5, 6}} F ′1
EdVS318 = E
d
18 + (5→ {1, 11}) − {{1, 12}, {2, 10}, {4, 11}} F ′1
EdVS418 = E
d
18 + (7→ {2, 3}) {{4, 8}} {{2, 10}, {4, 10}} F4
EdVS518 = E
d
18 + (7→ {2, 5}) − {{1, 9}, {2, 12}, {4, 11}} F ′1
EdVS618 = E
d
18 + (7→ {2, 8}) − {{1, 9}, {2, 12}, {4, 11}} F ′1
EdVS718 = E
d
18 + (8→ {1, 4}) − {{1, 9}, {2, 10}, {4, 12}} F ′1
EdVS818 = E
d
18 + (8→ {1, 7}) − {{1, 12}, {2, 10}, {4, 11}} F ′1
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Ed18 Edge Splits
Edge Split Delete Contract Minor
EdES118 = E
d
18 + (1, {2, 7}) {{1, 5}} {{2, 10}, {3, 9}, {4, 11}} F ′1
EdES218 = E
d
18 + (1, {2, 10}) {{4, 8}} {{3, 11}, {4, 10}, {10, 12}} F ′1
EdES318 = E
d
18 + (1, {3, 7}) {{1, 5}} {{2, 9}, {3, 11}, {5, 6}} F ′1
EdES418 = E
d
18 + (1, {4, 10}) {{1, 5}} {{2, 10}, {3, 9}, {4, 11}} F ′1
EdES518 = E
d
18 + (1, {4, 11}) {{1, 8}} {{1, 9}, {2, 10}, {4, 12}} F ′1
EdES618 = E
d
18 + (1, {6, 10}) {{2, 9}} {{1, 9}, {2, 7}, {4, 10}} F ′1
EdES718 = E
d
18 + (2, {1, 5}) {{2, 9}} {{1, 9}, {2, 12}, {4, 11}} F ′1
EdES818 = E
d
18 + (2, {1, 8}) {{2, 9}} {{1, 9}, {2, 12}, {4, 11}} F ′1
EdES918 = E
d
18 + (2, {3, 11}) {{1, 5}} {{1, 8}, {5, 6}, {11, 12}} F ′1
EdES1018 = E
d
18 + (2, {4, 8}) {{1, 8}} {{1, 5}, {4, 11}, {6, 10}} F ′1
EdES1118 = E
d
18 + (2, {4, 11}) {{1, 5}} {{1, 8}, {5, 6}, {11, 12}} F ′1
EdES1218 = E
d
18 + (2, {5, 6}) {{1, 5}} {{1, 8}, {4, 11}, {5, 12}} F ′1
EdES1318 = E
d
18 + (2, {5, 11}) {{1, 5}} {{1, 8}, {4, 11}, {6, 10}} F ′1
EdES1418 = E
d
18 + (2, {6, 8}) {{1, 8}} {{1, 5}, {4, 11}, {8, 12}} F ′1
EdES1518 = E
d
18 + (3, {1, 5}) {{3, 9}} {{1, 9}, {2, 9}, {4, 11}} F ′1
EdES1618 = E
d
18 + (3, {1, 8}) {{3, 9}} {{1, 9}, {2, 9}, {4, 11}} F ′1
EdES1718 = E
d
18 + (3, {2, 10}) {{1, 5}} {{1, 8}, {4, 11}, {10, 12}} F ′1
EdES1818 = E
d
18 + (3, {4, 8}) {{2, 7}} {{1, 9}, {2, 9}, {4, 10}} E22
EdES1918 = E
d
18 + (3, {4, 10}) {{1, 5}} {{1, 8}, {4, 11}, {10, 12}} F ′1
EdES2018 = E
d
18 + (3, {5, 6}) {{1, 5}} {{1, 8}, {4, 10}, {6, 12}} F ′1
EdES2118 = E
d
18 + (3, {6, 8}) {{1, 5}} {{1, 8}, {4, 10}, {6, 12}} F ′1
EdES2218 = E
d
18 + (3, {6, 10}) {{1, 5}} {{1, 8}, {4, 10}, {5, 11}} F ′1
EdES2318 = E
d
18 + (4, {1, 5}) {{1, 8}} {{1, 9}, {2, 10}, {3, 11}} F ′1
EdES2418 = E
d
18 + (4, {1, 9}) {{1, 8}} {{1, 5}, {2, 10}, {3, 11}} F ′1
EdES2518 = E
d
18 + (4, {2, 7}) {{4, 8}} {{2, 9}, {3, 11}, {6, 10}} F ′1
EdES2618 = E
d
18 + (4, {2, 9}) {{1, 8}} {{1, 5}, {2, 10}, {9, 12}} F ′1
EdES2718 = E
d
18 + (4, {3, 7}) {{1, 5}} {{1, 8}, {2, 9}, {5, 11}} F ′1
EdES2818 = E
d
18 + (4, {3, 9}) {{1, 8}} {{1, 5}, {2, 10}, {9, 12}} F ′1
EdES2918 = E
d
18 + (4, {5, 6}) {{5, 11}} {{1, 5}, {2, 10}, {3, 11}} F ′1
EdES3018 = E
d
18 + (4, {5, 7}) {{1, 5}} {{1, 8}, {3, 11}, {6, 10}} F ′1
EdES3118 = E
d
18 + (5, {2, 9}) {{1, 5}} {{1, 8}, {2, 12}, {4, 11}} F ′1
EdES3218 = E
d
18 + (5, {2, 10}) {{1, 5}} {{1, 8}, {2, 12}, {4, 11}} F ′1
EdES3318 = E
d
18 + (5, {3, 9}) {{1, 5}} {{1, 8}, {2, 9}, {4, 11}} F ′1
EdES3418 = E
d
18 + (5, {4, 8}) {{1, 5}} {{1, 8}, {3, 11}, {6, 10}} F ′1
EdES3518 = E
d
18 + (5, {4, 10}) {{2, 7}} {{1, 9}, {2, 9}} E′′5
EdES3618 = E
d
18 + (6, {1, 9}) {{2, 9}} {{2, 7}, {3, 9}, {3, 11}} F ′1
EdES3718 = E
d
18 + (6, {2, 7}) {{6, 10}} {{1, 9}, {2, 10}, {4, 10}} F ′1
EdES3818 = E
d
18 + (6, {3, 7}) {{1, 5}} {{1, 8}, {2, 9}, {5, 11}} F ′1
EdES3918 = E
d
18 + (6, {3, 9}) {{1, 5}} {{1, 8}, {3, 12}, {4, 10}} F ′1
EdES4018 = E
d
18 + (6, {3, 11}) {{1, 5}} {{1, 8}, {3, 12}, {4, 10}} F ′1
EdES4118 = E
d
18 + (6, {4, 11}) {{1, 8}} {{1, 5}, {2, 10}, {11, 12}} F ′1
EdES4218 = E
d
18 + (7, {1, 9}) {{5, 7}} {{1, 12}, {2, 10}, {4, 11}} F ′1
Continued on next page
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Edge Split Delete Contract Minor
EdES4318 = E
d
18 + (7, {4, 10}) {{2, 7}} {{1, 9}, {2, 9}, {4, 12}} F ′1
EdES4418 = E
d
18 + (7, {4, 11}) {{2, 7}} {{1, 9}, {2, 9}, {4, 12}} F ′1
EdES4518 = E
d
18 + (7, {6, 10}) {{2, 7}} {{1, 9}, {2, 9}, {4, 10}} F ′1
EdES4618 = E
d
18 + (8, {2, 9}) {{1, 8}} {{1, 5}, {2, 12}, {4, 11}} F ′1
EdES4718 = E
d
18 + (8, {2, 10}) {{1, 8}} {{1, 5}, {2, 12}, {4, 11}} F ′1
EdES4818 = E
d
18 + (8, {3, 9}) {{1, 8}} {{1, 5}, {2, 9}, {4, 11}} F ′1
EdES4918 = E
d
18 + (8, {5, 11}) {{4, 8}, {5, 7}} {{2, 10}, {4, 10}} F4
EdES5018 = E
d
18 + (9, {4, 8}) {{1, 8}} {{1, 5}, {2, 10}, {4, 12}} F ′1
EdES5118 = E
d
18 + (9, {4, 10}) {{1, 8}} {{1, 5}, {2, 10}, {4, 12}} F ′1
EdES5218 = E
d
18 + (9, {4, 11}) {{1, 8}} {{1, 5}, {2, 10}, {4, 12}} F ′1
EdES5318 = E
d
18 + (9, {5, 7}) {{1, 5}, {1, 8}} {{1, 9}, {4, 11}} F4
EdES5418 = E
d
18 + (9, {5, 11}) {{2, 7}, {4, 8}} {{2, 9}, {4, 10}} F4
EdES5518 = E
d
18 + (9, {6, 8}) {{1, 8}} {{1, 5}, {2, 10}, {4, 8}} F ′1
EdES5618 = E
d
18 + (9, {6, 10}) {{2, 9}} {{1, 9}, {2, 7}, {4, 10}} F ′1
EdES5718 = E
d
18 + (9, {7, 8}) {{1, 5}, {1, 8}} {{1, 9}, {4, 11}} F4
EdES5818 = E
d
18 + (10, {1, 5}) {{4, 8}} {{1, 12}, {3, 11}, {4, 10}} F ′1
EdES5918 = E
d
18 + (10, {1, 8}) {{4, 8}} {{1, 12}, {3, 11}, {4, 10}} F ′1
EdES6018 = E
d
18 + (10, {1, 9}) {{4, 8}} {{1, 12}, {3, 11}, {4, 10}} F ′1
EdES6118 = E
d
18 + (10, {3, 7}) {{1, 5}} {{1, 8}, {2, 9}, {4, 11}} F ′1
EdES6218 = E
d
18 + (10, {3, 9}) {{1, 5}} {{1, 8}, {3, 12}, {4, 11}} F ′1
EdES6318 = E
d
18 + (10, {3, 11}) {{1, 5}} {{1, 8}, {3, 12}, {4, 11}} F ′1
EdES6418 = E
d
18 + (10, {5, 7}) {{1, 5}, {4, 8}} {{1, 8}, {4, 10}} F4
EdES6518 = E
d
18 + (10, {5, 11}) {{2, 7}} {{1, 9}, {2, 9}, {3, 11}} E22
EdES6618 = E
d
18 + (10, {7, 8}) {{1, 8}, {2, 7}} {{1, 5}, {2, 9}} F4
EdES6718 = E
d
18 + (11, {1, 8}) {{4, 8}} {{1, 12}, {2, 10}, {4, 10}} F ′1
EdES6818 = E
d
18 + (11, {1, 9}) {{4, 8}} {{1, 12}, {2, 10}, {4, 10}} F ′1
EdES6918 = E
d
18 + (11, {2, 7}) {{1, 5}} {{1, 8}, {2, 12}, {5, 6}} F ′1
EdES7018 = E
d
18 + (11, {2, 9}) {{1, 5}} {{1, 8}, {2, 12}, {5, 6}} F ′1
EdES7118 = E
d
18 + (11, {2, 10}) {{1, 5}} {{1, 8}, {2, 12}, {5, 6}} F ′1
EdES7218 = E
d
18 + (11, {6, 8}) {{1, 8}} {{1, 5}, {2, 10}, {6, 12}} F ′1
EdES7318 = E
d
18 + (11, {6, 10}) {{1, 8}} {{1, 5}, {2, 10}, {4, 8}} F ′1
Ed18 Triad Additions
Triad Addition Delete Contract Minor
EdTA118 = E
d
18 + (1, 2, 4) {{1, 5}, {3, 7}} {{3, 9}, {3, 11}, {6, 10}} F ′1
EdTA218 = E
d
18 + (1, 2, 6) {{2, 9}, {6, 10}} {{1, 9}, {2, 10}, {4, 10}} F ′1
EdTA318 = E
d
18 + (1, 2, 11) {{1, 5}, {2, 9}} {{1, 9}, {2, 12}, {5, 6}} F ′1
EdTA418 = E
d
18 + (1, 3, 4) {{1, 8}, {3, 9}} {{1, 9}, {1, 12}, {2, 10}} F ′1
EdTA518 = E
d
18 + (1, 3, 6) {{1, 5}, {2, 7}} {{2, 9}, {2, 10}, {4, 11}} F ′1
EdTA618 = E
d
18 + (1, 3, 10) {{1, 5}, {3, 9}} {{1, 9}, {3, 12}, {4, 11}} F ′1
EdTA718 = E
d
18 + (1, 4, 6) {{1, 5}, {3, 7}} {{2, 10}, {3, 9}, {3, 11}} F ′1
Continued on next page
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Triad Addition Delete Contract Minor
EdTA818 = E
d
18 + (1, 4, 7) {{1, 5}, {2, 7}} {{2, 9}, {2, 10}, {5, 6}} F ′1
EdTA918 = E
d
18 + (1, 6, 7) {{1, 5}, {2, 7}} {{2, 9}, {3, 9}, {5, 11}} F ′1
EdTA1018 = E
d
18 + (1, 6, 11) {{1, 8}, {2, 7}} {{2, 9}, {2, 10}, {3, 7}} F ′1
EdTA1118 = E
d
18 + (1, 7, 10) {{1, 5}, {2, 7}} {{2, 9}, {3, 9}, {4, 11}} F ′1
EdTA1218 = E
d
18 + (1, 7, 11) {{1, 5}, {2, 7}} {{2, 9}, {3, 9}, {5, 6}} F ′1
EdTA1318 = E
d
18 + (1, 10, 11) {{1, 5}, {4, 10}} {{2, 10}, {3, 9}, {4, 8}} F ′1
EdTA1418 = E
d
18 + (2, 3, 4) {{1, 5}, {3, 11}, {7, 8}} {{1, 8}, {4, 11}} F4
EdTA1518 = E
d
18 + (2, 3, 5) {{1, 5}, {3, 9}} {{1, 8}, {1, 9}, {4, 11}} F ′1
EdTA1618 = E
d
18 + (2, 3, 6) {{1, 5}, {6, 8}} {{1, 8}, {4, 10}, {6, 12}} F ′1
EdTA1718 = E
d
18 + (2, 3, 8) {{1, 8}, {3, 9}} {{1, 5}, {1, 9}, {4, 11}} F ′1
EdTA1818 = E
d
18 + (2, 4, 5) {{1, 5}, {4, 8}} {{1, 8}, {3, 11}, {6, 10}} F ′1
EdTA1918 = E
d
18 + (2, 5, 8) {{1, 5}, {8, 12}} {{1, 8}, {2, 12}, {4, 11}} F ′1
EdTA2018 = E
d
18 + (2, 6, 11) {{1, 5}, {5, 11}} {{1, 8}, {5, 6}, {11, 12}} F ′1
EdTA2118 = E
d
18 + (2, 8, 11) {{1, 5}, {8, 12}} {{1, 8}, {2, 12}, {5, 6}} F ′1
EdTA2218 = E
d
18 + (3, 4, 6) {{1, 5}, {4, 8}} {{1, 8}, {2, 10}, {5, 11}} F ′1
EdTA2318 = E
d
18 + (3, 5, 8) {{1, 5}, {3, 9}, {7, 8}} {{1, 8}, {1, 9}} F4
EdTA2418 = E
d
18 + (3, 5, 10) {{1, 5}, {5, 6}} {{1, 8}, {4, 11}, {6, 8}} F ′1
EdTA2518 = E
d
18 + (3, 8, 10) {{1, 5}, {8, 12}} {{1, 8}, {3, 12}, {4, 11}} F ′1
EdTA2618 = E
d
18 + (4, 5, 9) {{1, 5}, {1, 8}} {{1, 9}, {2, 10}, {3, 11}} F ′1
EdTA2718 = E
d
18 + (4, 6, 7) {{2, 7}, {4, 8}} {{2, 9}, {2, 10}, {4, 12}} F ′1
EdTA2818 = E
d
18 + (4, 6, 9) {{1, 8}, {6, 8}} {{1, 5}, {2, 10}, {4, 8}} F ′1
EdTA2918 = E
d
18 + (4, 7, 9) {{1, 8}, {7, 12}} {{1, 5}, {2, 10}, {4, 12}} F ′1
EdTA3018 = E
d
18 + (5, 9, 10) {{1, 5}, {4, 8}, {5, 7}} {{1, 8}, {4, 10}} F4
EdTA3118 = E
d
18 + (6, 7, 9) {{2, 9}, {5, 7}} {{2, 7}, {3, 11}, {9, 12}} F ′1
EdTA3218 = E
d
18 + (6, 7, 11) {{1, 8}, {7, 12}} {{1, 5}, {2, 10}, {6, 12}} F ′1
EdTA3318 = E
d
18 + (6, 9, 11) {{1, 8}, {3, 9}} {{1, 5}, {2, 10}, {3, 7}} F ′1
EdTA3418 = E
d
18 + (7, 10, 11) {{1, 5}, {2, 7}, {7, 8}} {{1, 8}, {2, 9}} F4
EdTA3518 = E
d
18 + (8, 9, 10) {{1, 8}, {2, 7}, {2, 9}} {{1, 5}, {2, 10}} F4
EdTA3618 = E
d
18 + (8, 9, 11) {{1, 8}, {2, 9}, {5, 7}} {{1, 5}, {2, 7}} F4
EdTA3718 = E
d
18 + (9, 10, 11) {{1, 8}, {2, 9}, {5, 7}} {{1, 5}, {2, 7}} F4
Ee18 Vertex Splits
Vertex Split Delete Contract Minor
EeVS118 = E
e
18 + (2→ {6, 9}) − {{1, 9}, {2, 10}, {3, 4}} F ′1
EeVS218 = E
e
18 + (2→ {6, 10}) − {{1, 9}, {2, 11}, {4, 10}} F ′1
Ee18 Edge Splits
Edge Split Delete Contract Minor
EeES118 = E
e
18 + (1, {2, 6}) {{2, 9}} {{1, 9}, {2, 10}, {3, 4}} F ′1
EeES218 = E
e
18 + (1, {2, 10}) {{1, 5}} {{1, 9}, {7, 11}, {10, 12}} F ′1
EeES318 = E
e
18 + (1, {3, 4}) {{4, 8}} {{4, 10}, {4, 12}, {7, 11}} F ′1
Continued on next page
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Ee18 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
EeES418 = E
e
18 + (1, {4, 10}) {{1, 5}} {{1, 9}, {7, 11}, {10, 12}} F ′1
EeES518 = E
e
18 + (2, {1, 5}) {{2, 9}, {2, 11}} {{1, 9}, {7, 11}} F4
EeES618 = E
e
18 + (2, {3, 4}) {{2, 10}, {5, 7}} {{3, 7}, {4, 10}} F4
EeES718 = E
e
18 + (2, {4, 8}) {{1, 8}, {2, 10}} {{1, 5}, {4, 10}} F4
EeES818 = E
e
18 + (3, {1, 5}) {{2, 10}, {3, 9}} {{1, 9}, {4, 10}} F4
EeES918 = E
e
18 + (3, {2, 6}) {{2, 10}, {5, 7}} {{3, 7}, {4, 10}} F4
EeES1018 = E
e
18 + (4, {1, 5}) {{2, 6}} {{2, 10}, {3, 9}, {5, 6}} F ′1
EeES1118 = E
e
18 + (4, {1, 9}) {{4, 8}} {{1, 12}, {4, 10}, {7, 11}} F ′1
EeES1218 = E
e
18 + (4, {2, 6}) {{1, 5}} {{1, 8}, {3, 9}, {5, 10}} F ′1
EeES1318 = E
e
18 + (4, {2, 9}) {{1, 5}, {8, 11}} {{1, 8}, {2, 11}} F4
EeES1418 = E
e
18 + (6, {1, 9}) {{2, 9}} {{2, 10}, {3, 4}, {3, 9}} F ′1
EeES1518 = E
e
18 + (6, {3, 4}) {{1, 5}} {{1, 8}, {3, 9}, {5, 10}} F ′1
Ee18 Triad Additions
Triad Addition Delete Contract Minor
EeTA118 = E
e
18 + (1, 2, 4) {{1, 5}, {2, 6}} {{3, 9}, {5, 6}, {5, 10}} F ′1
EeTA218 = E
e
18 + (1, 3, 6) {{1, 5}, {2, 10}} {{2, 9}, {4, 10}, {7, 11}} F ′1
EeTA318 = E
e
18 + (1, 3, 10) {{1, 5}, {2, 10}} {{1, 12}, {2, 9}, {5, 6}} F ′1
EeTA418 = E
e
18 + (1, 4, 6) {{1, 5}, {2, 6}} {{1, 9}, {3, 7}, {5, 10}} F ′1
EeTA518 = E
e
18 + (1, 4, 11) {{1, 5}, {1, 8}} {{1, 9}, {3, 7}, {6, 8}} F ′1
EeTA618 = E
e
18 + (1, 6, 10) {{1, 5}, {1, 8}} {{1, 9}, {3, 4}, {5, 7}} F ′1
EeTA718 = E
e
18 + (1, 10, 11) {{1, 5}, {1, 8}} {{1, 9}, {3, 4}, {5, 7}} F ′1
EeTA818 = E
e
18 + (2, 3, 5) {{1, 5}, {2, 10}} {{1, 8}, {4, 10}, {7, 11}} E22
EeTA918 = E
e
18 + (2, 4, 7) {{1, 5}, {2, 10}, {4, 8}} {{1, 8}, {4, 10}} F4
EeTA1018 = E
e
18 + (4, 6, 7) {{1, 5}, {2, 6}} {{1, 8}, {3, 9}, {5, 10}} F ′1
Ef18 Vertex Splits
Vertex Split Delete Contract Minor
EfVS118 = E
f
18 + (7→ {2, 3}) − {{1, 9}, {2, 10}, {4, 11}, {5, 7}} F ′1
EfVS218 = E
f
18 + (7→ {2, 5}) − {{1, 9}, {2, 10}, {4, 11}, {5, 13}} F ′1
Ef18 Edge Splits
Edge Split Delete Contract Minor
EfES118 = E
f
18 + (1, {2, 7}) {{1, 8}} {{2, 10}, {3, 9}, {4, 8}, {6, 12}} F ′1
EfES218 = E
f
18 + (1, {2, 10}) {{3, 7}} {{3, 9}, {4, 11}, {5, 7}, {10, 13}} F ′1
EfES318 = E
f
18 + (1, {3, 7}) {{1, 12}} {{2, 9}, {3, 11}, {5, 12}, {6, 12}} F ′1
EfES418 = E
f
18 + (1, {3, 11}) {{2, 7}} {{2, 9}, {2, 10}, {4, 11}, {5, 7}} F ′1
EfES518 = E
f
18 + (1, {4, 10}) {{1, 8}} {{1, 9}, {2, 10}, {4, 13}, {5, 12}} F ′1
EfES618 = E
f
18 + (1, {4, 11}) {{1, 8}} {{1, 9}, {2, 10}, {4, 13}, {5, 12}} F ′1
EfES718 = E
f
18 + (1, {5, 7}) {{1, 8}} {{1, 9}, {2, 10}, {3, 11}, {6, 12}} F ′1
Continued on next page
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Ef18 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
EfES818 = E
f
18 + (1, {5, 11}) {{1, 12}} {{1, 13}, {2, 10}, {4, 11}, {5, 12}} F ′1
EfES918 = E
f
18 + (1, {6, 10}) {{2, 9}} {{1, 9}, {2, 7}, {4, 10}, {5, 12}} F ′1
EfES1018 = E
f
18 + (3, {1, 8}) {{3, 9}} {{1, 9}, {2, 9}, {4, 11}, {5, 12}} F ′1
EfES1118 = E
f
18 + (3, {1, 12}) {{2, 7}} {{1, 9}, {2, 9}, {4, 11}, {12, 13}} F ′1
EfES1218 = E
f
18 + (3, {2, 10}) {{1, 8}} {{1, 9}, {4, 8}, {6, 12}, {10, 13}} F ′1
EfES1318 = E
f
18 + (3, {6, 8}) {{1, 8}} {{1, 9}, {2, 10}, {5, 11}, {6, 13}} F ′1
EfES1418 = E
f
18 + (3, {6, 10}) {{1, 8}} {{1, 9}, {1, 12}, {2, 10}, {4, 8}} F ′1
EfES1518 = E
f
18 + (7, {1, 9}) {{5, 7}} {{1, 13}, {2, 10}, {4, 11}, {5, 11}} F ′1
EfES1618 = E
f
18 + (7, {1, 12}) {{2, 7}} {{2, 9}, {3, 9}, {5, 11}, {6, 12}} F ′1
EfES1718 = E
f
18 + (7, {6, 10}) {{2, 7}} {{1, 9}, {2, 9}, {4, 10}, {5, 12}} F ′1
EfES1818 = E
f
18 + (9, {4, 8}) {{1, 8}} {{1, 9}, {2, 10}, {4, 13}, {5, 12}} F ′1
EfES1918 = E
f
18 + (9, {4, 10}) {{1, 8}} {{1, 9}, {2, 10}, {4, 13}, {5, 12}} F ′1
EfES2018 = E
f
18 + (9, {4, 11}) {{1, 8}} {{1, 9}, {2, 10}, {4, 13}, {5, 12}} F ′1
EfES2118 = E
f
18 + (9, {5, 7}) {{1, 8}} {{1, 9}, {2, 10}, {3, 11}, {6, 12}} F ′1
EfES2218 = E
f
18 + (9, {5, 11}) {{2, 7}} {{2, 9}, {4, 11}, {5, 13}, {6, 10}} F ′1
EfES2318 = E
f
18 + (9, {5, 12}) {{2, 7}} {{2, 9}, {4, 11}, {5, 13}, {6, 10}} F ′1
EfES2418 = E
f
18 + (9, {6, 8}) {{1, 8}} {{1, 9}, {2, 10}, {4, 8}, {5, 12}} F ′1
EfES2518 = E
f
18 + (9, {6, 10}) {{2, 9}} {{1, 9}, {2, 7}, {4, 10}, {5, 12}} F ′1
EfES2618 = E
f
18 + (9, {6, 12}) {{2, 9}} {{2, 7}, {3, 9}, {5, 11}, {6, 13}} F ′1
EfES2718 = E
f
18 + (9, {7, 8}) {{1, 8}, {1, 9}} {{1, 12}, {4, 11}, {5, 12}} F4
Ef18 Triad Additions
Triad Addition Delete Contract Minor
EfTA118 = E
f
18 + (1, 2, 4) {{1, 8}, {2, 7}} {{1, 12}, {3, 9}, {6, 10}, {7, 8}} F ′1
EfTA218 = E
f
18 + (1, 2, 6) {{2, 9}, {6, 10}} {{1, 9}, {2, 10}, {4, 10}, {5, 12}} F ′1
EfTA318 = E
f
18 + (1, 2, 11) {{1, 8}, {2, 7}} {{2, 10}, {3, 9}, {4, 8}, {6, 12}} F ′1
EfTA418 = E
f
18 + (1, 3, 4) {{1, 8}, {1, 9}} {{1, 12}, {1, 13}, {2, 9}, {2, 10}} F ′1
EfTA518 = E
f
18 + (1, 3, 6) {{1, 8}, {2, 7}} {{2, 9}, {2, 10}, {4, 11}, {5, 12}} F ′1
EfTA618 = E
f
18 + (1, 3, 10) {{1, 8}, {3, 7}} {{1, 12}, {2, 9}, {4, 11}, {6, 8}} F ′1
EfTA718 = E
f
18 + (1, 4, 6) {{1, 8}, {2, 7}} {{2, 9}, {2, 10}, {5, 12}, {7, 8}} F ′1
EfTA818 = E
f
18 + (1, 4, 7) {{1, 8}, {3, 7}} {{1, 13}, {2, 10}, {3, 9}, {5, 12}} F ′1
EfTA918 = E
f
18 + (1, 6, 7) {{1, 8}, {2, 7}} {{2, 9}, {2, 10}, {4, 8}, {5, 12}} F ′1
EfTA1018 = E
f
18 + (1, 6, 11) {{1, 8}, {2, 7}} {{2, 9}, {2, 10}, {3, 7}, {5, 12}} F ′1
EfTA1118 = E
f
18 + (1, 7, 10) {{1, 8}, {2, 7}} {{2, 9}, {3, 9}, {4, 8}, {6, 12}} F ′1
EfTA1218 = E
f
18 + (1, 7, 11) {{1, 8}, {5, 7}} {{2, 10}, {3, 9}, {5, 11}, {6, 12}} F ′1
EfTA1318 = E
f
18 + (1, 10, 11) {{1, 8}, {2, 7}} {{2, 9}, {3, 9}, {4, 8}, {6, 12}} F ′1
EfTA1418 = E
f
18 + (3, 8, 10) {{1, 8}, {3, 7}} {{1, 9}, {2, 9}, {4, 11}, {6, 12}} F ′1
EfTA1518 = E
f
18 + (3, 10, 12) {{1, 8}, {3, 7}} {{1, 9}, {2, 9}, {4, 11}, {6, 8}} F ′1
EfTA1618 = E
f
18 + (7, 9, 12) {{1, 8}, {1, 9}, {5, 7}} {{1, 12}, {4, 11}, {5, 11}} F4
EfTA1718 = E
f
18 + (7, 10, 12) {{1, 8}, {2, 7}, {4, 10}} {{1, 9}, {2, 9}, {4, 8}} F4
EfTA1818 = E
f
18 + (9, 10, 11) {{1, 8}, {2, 9}, {5, 7}} {{1, 9}, {2, 7}, {5, 11}} F4
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Ef18 Theta Extensions
Theta Extension Delete Contract Minor
EfTE118 {{7, 8}} − Q
EfTE218 {{7, 8}} − Q
B′1 Minors
Below are the vertex splits, edge splits, and triad additions of B′1 and their minors needed
for Lemma 5.2.9.
B′1 Vertex Splits
Vertex Split Delete Contract Minor
B′VS11 = B
′
1 + (1→ {2, 3}) {{2, 3}, {4, 6}} − D′3
B′VS21 = B
′
1 + (1→ {2, 4}) {{2, 4}, {3, 6}} − D′3
B′VS31 = B
′
1 + (1→ {2, 5}) {{2, 4}, {3, 6}} − D′3
B′VS41 = B
′
1 + (1→ {2, 7}) {{2, 3}, {4, 6}} − D′3
B′VS51 = B
′
1 + (1→ {3, 4}) {{3, 4}, {3, 6}} − D′3
B′VS61 = B
′
1 + (1→ {3, 5}) {{3, 5}} − B′′1
B′VS71 = B
′
1 + (1→ {4, 6}) {{4, 6}} − E′3
B′VS81 = B
′
1 + (1→ {2, 3, 4}) {{3, 6}, {4, 5}, {4, 6}} − D17
B′VS91 = B
′
1 + (1→ {2, 3, 5}) {{3, 8}} − B′′1
B′VS101 = B
′
1 + (1→ {2, 3, 7}) {{2, 3}, {4, 5}, {4, 6}, {5, 6}} − E18
B′VS111 = B
′
1 + (1→ {2, 4, 5}) {{3, 5}} − B′′′1
B′VS121 = B
′
1 + (1→ {2, 4, 7}) {{3, 5}} − B′′′1
B′VS131 = B
′
1 + (2→ {1, 3}) {{1, 3}, {4, 6}} − D′3
B′VS141 = B
′
1 + (3→ {1, 2}) {{1, 2}, {4, 6}} − D′3
B′VS151 = B
′
1 + (3→ {1, 4}) {{1, 4}, {3, 6}} − D′3
B′VS161 = B
′
1 + (3→ {1, 5}) {{1, 5}} − B′′1
B′VS171 = B
′
1 + (3→ {2, 5}) {{1, 2}, {4, 6}} − D′3
B′1 Edge Splits
Edge Split Delete Contract Minor
B′ES11 = B
′
1 + (2, {5, 7}) {{1, 2}, {1, 7}, {4, 6}} − D′3
B′′1 Minors
Below are the vertex splits, edge splits, and triad additions of B′′1 and B
′′a
1 and their minors
needed for Lemma 5.2.10.
B′′1 Vertex Splits
Vertex Split Delete Contract Minor
B′′VS11 = B
′′
1 + (1→ {2, 3}) {{2, 3}, {5, 7}} − D′′3
B′′VS21 = B
′′
1 + (1→ {2, 7}) {{2, 7}} {{4, 8}} D′3
Continued on next page
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B′′1 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
B′′VS31 = B
′′
1 + (2→ {1, 3}) {{1, 3}, {5, 7}} − D′′3
B′′VS41 = B
′′
1 + (2→ {1, 5}) {{1, 7}} {{4, 8}} D′3
B′′VS51 = B
′′
1 + (2→ {1, 6}) {{6, 7}} {{1, 4}} D′3
B′′VS61 = B
′′
1 + (2→ {1, 7}) {{1, 7}} {{4, 8}} D′3
B′′VS71 = B
′′
1 + (2→ {1, 8}) {{2, 5}, {3, 7}, {6, 7}} − E22
B′′VS81 = B
′′
1 + (2→ {3, 5}) {{1, 7}, {3, 5}} − D′′3
B′′VS91 = B
′′
1 + (2→ {3, 6}) {{1, 3}, {2, 7}, {5, 7}} − F ′1
B′′VS101 = B
′′
1 + (2→ {3, 7}) {{3, 7}} {{4, 8}} D′3
B′′VS111 = B
′′
1 + (2→ {5, 7}) {{5, 7}} − E′′3
B′′VS121 = B
′′
1 + (2→ {1, 3, 5}) {{1, 7}, {3, 9}, {5, 7}} − E20
B′′VS131 = B
′′
1 + (2→ {1, 3, 6}) {{1, 3}, {5, 7}, {7, 8}} {{1, 4}} E18
B′′VS141 = B
′′
1 + (2→ {1, 3, 8}) {{1, 9}, {3, 7}} − D′′3
B′′VS151 = B
′′
1 + (2→ {1, 5, 6}) {{3, 7}, {5, 6}, {7, 8}} {{4, 8}} E18
B′′VS161 = B
′′
1 + (2→ {1, 5, 8}) {{3, 7}, {5, 7}, {6, 7}} − E22
B′′VS171 = B
′′
1 + (2→ {1, 7, 8}) − {{4, 5}} B′′′1
B′′VS181 = B
′′
1 + (3→ {1, 2}) {{1, 2}, {5, 7}} − D′′3
B′′VS191 = B
′′
1 + (3→ {1, 5}) {{2, 7}} {{4, 8}} D′3
B′′VS201 = B
′′
1 + (5→ {2, 3}) {{1, 7}, {2, 3}} − D′′3
B′′VS211 = B
′′
1 + (5→ {2, 4}) − {{4, 9}} B′′′1
B′′VS221 = B
′′
1 + (5→ {2, 7}) {{2, 7}} − E′′3
B′′VS231 = B
′′
1 + (5→ {3, 4}) − − B′′a1
B′′VS241 = B
′′
1 + (5→ {3, 6}) {{1, 3}, {2, 7}} − E′5
B′′1 Edge Splits
Edge Split Delete Contract Minor
B′′ES11 = B
′′
1 + (1, {5, 6}) {{2, 6}, {7, 8}} {{4, 8}} D′3
B′′ES21 = B
′′
1 + (1, {6, 8}) {{2, 5}, {6, 7}} {{4, 5}} D′3
B′′ES31 = B
′′
1 + (3, {4, 8}) {{1, 2}, {3, 7}} {{8, 9}} D′3
B′′ES41 = B
′′
1 + (3, {6, 8}) {{1, 2}, {3, 7}} {{3, 9}} D′3
B′′ES51 = B
′′
1 + (4, {2, 3}) {{2, 8}, {3, 7}} {{4, 8}} D′3
B′′ES61 = B
′′
1 + (4, {2, 7}) {{2, 5}} {{2, 9}} B′′′1
B′′1 Triad Additions
Triad Addition Delete Contract Minor
B′′TA11 = B
′′
1 + (3, 4, 6) {{1, 3}, {2, 3}, {5, 7}} {{1, 4}} D′3
B′′a1 Vertex Splits
Vertex Split Delete Contract Minor
B′′aVS11 = B
′′a
1 + (1→ {2, 3}) {{2, 3}, {5, 7}} {{5, 9}} D′′3
B′′aVS21 = B
′′a
1 + (1→ {2, 7}) {{2, 7}} {{4, 8}, {5, 9}} D′3
Continued on next page
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B′′a1 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
B′′aVS31 = B
′′a
1 + (2→ {1, 3}) {{1, 3}, {5, 7}} {{5, 9}} D′′3
B′′aVS41 = B
′′a
1 + (2→ {1, 5}) {{1, 7}} {{4, 8}, {5, 9}} D′3
B′′aVS51 = B
′′a
1 + (2→ {1, 6}) {{6, 7}} {{1, 4}, {5, 9}} D′3
B′′aVS61 = B
′′a
1 + (2→ {1, 7}) {{1, 7}} {{4, 8}, {5, 9}} D′3
B′′aVS71 = B
′′a
1 + (2→ {1, 8}) {{1, 4}, {3, 7}} {{4, 8}} D′′3
B′′aVS81 = B
′′a
1 + (2→ {5, 6}) {{5, 6}, {7, 8}} {{4, 8}} D′′3
B′′aVS91 = B
′′a
1 + (2→ {5, 7}) {{5, 7}} {{3, 9}, {4, 8}} D′3
B′′aVS101 = B
′′a
1 + (2→ {5, 8}) {{5, 7}} {{3, 9}, {4, 8}} D′3
B′′aVS111 = B
′′a
1 + (2→ {6, 7}) {{6, 7}} {{1, 4}, {5, 9}} D′3
B′′aVS121 = B
′′a
1 + (2→ {1, 3, 5}) {{1, 7}, {3, 10}} {{4, 8}} D′′3
B′′aVS131 = B
′′a
1 + (2→ {1, 3, 6}) {{1, 3}, {2, 7}, {5, 7}} {{3, 9}} F ′1
B′′aVS141 = B
′′a
1 + (2→ {1, 3, 7}) {{2, 6}, {5, 7}, {7, 8}} {{4, 8}} E20
B′′aVS151 = B
′′a
1 + (2→ {1, 5, 6}) {{3, 7}, {5, 6}, {7, 8}} {{4, 8}, {5, 9}} E18
B′′aVS161 = B
′′a
1 + (2→ {1, 5, 8}) {{3, 7}, {5, 7}, {6, 7}} {{5, 9}} E22
B′′aVS171 = B
′′a
1 + (2→ {1, 6, 8}) {{6, 7}, {8, 10}} {{5, 9}} D′′3
B′′aVS181 = B
′′a
1 + (5→ {2, 6}) {{2, 6}, {7, 8}} {{4, 8}} D′′3
B′′aVS191 = B
′′a
1 + (5→ {2, 7}) {{2, 7}} {{3, 9}, {4, 8}} D′3
B′′aVS201 = B
′′a
1 + (6→ {2, 5}) {{2, 5}, {7, 8}} {{4, 8}} D′′3
B′′aVS211 = B
′′a
1 + (6→ {2, 7}) {{2, 7}} {{1, 4}, {5, 9}} D′3
B′′a1 Edge Splits
Edge Split Delete Contract Minor
B′′aES11 = B
′′a
1 + (1, {5, 6}) {{1, 2}, {3, 7}} {{1, 10}, {4, 8}} D′3
B′′aES21 = B
′′a
1 + (1, {5, 9}) {{1, 2}, {3, 7}} {{4, 8}, {5, 10}} D′3
B′′aES31 = B
′′a
1 + (1, {6, 8}) {{1, 3}, {2, 7}} {{1, 4}, {6, 10}} D′3
B′′aES41 = B
′′a
1 + (2, {4, 9}) {{2, 5}, {2, 8}, {6, 7}} {{4, 10}} D′′3
B′′aES51 = B
′′a
1 + (4, {2, 3}) {{2, 8}, {3, 7}} {{4, 8}, {5, 9}} D′3
B′′aES61 = B
′′a
1 + (4, {2, 5}) {{2, 8}, {5, 7}} {{3, 9}, {4, 8}} D′3
B′′aES71 = B
′′a
1 + (4, {2, 6}) {{1, 2}, {6, 7}} {{1, 4}, {5, 9}} D′3
B′′aES81 = B
′′a
1 + (4, {2, 7}) {{2, 5}, {2, 8}, {6, 7}} {{2, 10}} D′′3
B′′aES91 = B
′′a
1 + (4, {5, 6}) {{1, 3}, {2, 7}} {{1, 4}, {6, 10}} D′3
B′′aES101 = B
′′a
1 + (5, {1, 3}) {{1, 2}, {3, 7}} {{1, 10}, {4, 8}} D′3
B′′aES111 = B
′′a
1 + (5, {1, 4}) {{1, 2}, {3, 7}} {{3, 9}, {4, 8}} D′3
B′′aES121 = B
′′a
1 + (5, {4, 8}) {{1, 3}, {2, 7}} {{1, 4}, {8, 10}} D′3
B′′aES131 = B
′′a
1 + (6, {1, 3}) {{1, 2}, {5, 7}} {{4, 9}, {5, 9}} D′3
B′′aES141 = B
′′a
1 + (6, {1, 4}) {{1, 3}, {2, 7}} {{1, 10}, {4, 8}} D′3
B′′aES151 = B
′′a
1 + (6, {4, 9}) {{1, 3}, {2, 7}} {{1, 4}, {4, 10}} D′3
B′′a1 Triad Additions
Triad Addition Delete Contract Minor
B′′aTA11 = B
′′a
1 + (1, 5, 8) {{1, 2}, {1, 3}, {2, 7}} {{2, 3}, {4, 9}} D′3
Continued on next page
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B′′a1 Triad Additions – continued from previous page
Triad Addition Delete Contract Minor
B′′aTA21 = B
′′a
1 + (1, 6, 9) {{1, 2}, {1, 3}, {6, 7}} {{3, 9}, {6, 10}} D′3
B′′′1 Minors






1 , and B
′′′d
1
and their minors needed for Lemma 5.2.11.
B′′′1 Vertex Splits
Vertex Split Delete Contract Minor
B′′′VS11 = B
′′′
1 + (1→ {2, 3}) {{4, 5}, {4, 7}, {5, 8}} − F ′1
B′′′VS21 = B
′′′
1 + (1→ {2, 4}) {{2, 4}, {5, 6}} − D′′3
B′′′VS31 = B
′′′
1 + (1→ {2, 5}) {{2, 5}, {3, 4}} − D′′3
B′′′VS41 = B
′′′
1 + (3→ {1, 4}) {{1, 4}, {2, 5}} − D′′3
B′′′VS51 = B
′′′
1 + (3→ {1, 7}) − − B′′′a1
B′′′VS61 = B
′′′
1 + (4→ {1, 2}) {{1, 2}, {5, 6}} − D′′3
B′′′VS71 = B
′′′
1 + (4→ {1, 3}) {{1, 3}, {2, 5}} − D′′3
B′′′VS81 = B
′′′
1 + (4→ {1, 5}) {{1, 5}, {4, 7}, {5, 8}} − F ′1
B′′′VS91 = B
′′′
1 + (4→ {1, 7}) {{1, 2}, {4, 5}, {5, 6}} − F ′1
B′′′VS101 = B
′′′
1 + (4→ {1, 8}) {{2, 5}, {4, 7}, {5, 8}} {{8, 9}} E18
B′′′VS111 = B
′′′
1 + (4→ {2, 3}) {{2, 5}, {4, 7}, {5, 8}} − F ′1
B′′′VS121 = B
′′′
1 + (4→ {2, 5}) {{2, 5}, {4, 7}, {5, 8}} − F ′1
B′′′VS131 = B
′′′
1 + (4→ {2, 8}) − − B′′′b1
B′′′VS141 = B
′′′
1 + (4→ {3, 5}) {{5, 6}} − E′′3
B′′′VS151 = B
′′′
1 + (4→ {1, 2, 3}) {{1, 9}, {2, 5}, {5, 6}} − E20
B′′′VS161 = B
′′′
1 + (4→ {1, 2, 7}) {{1, 2}, {2, 5}, {5, 8}} {{2, 6}} E18
B′′′VS171 = B
′′′
1 + (4→ {1, 2, 8}) − − B′′′c1
B′′′VS181 = B
′′′
1 + (4→ {1, 3, 7}) {{2, 5}, {3, 9}, {5, 8}} − E22
B′′′VS191 = B
′′′
1 + (4→ {1, 3, 8}) {{1, 3}, {2, 5}, {5, 7}} − F ′1
B′′′VS201 = B
′′′
1 + (4→ {1, 5, 7}) {{1, 2}, {5, 6}, {5, 9}} − F ′1
B′′′1 Edge Splits
Edge Split Delete Contract Minor
B′′′ES11 = B
′′′
1 + (1, {6, 8}) {{1, 3}, {4, 7}, {5, 8}} − D′′3
B′′′ES21 = B
′′′
1 + (1, {7, 8}) {{3, 4}, {4, 7}, {5, 6}} − D′′3
B′′′ES31 = B
′′′
1 + (3, {2, 5}) {{1, 5}, {2, 4}, {3, 4}, {5, 6}} − E20
B′′′1 Triad Additions
Triad Addition Delete Contract Minor
B′′′TA11 = B
′′′
1 + (1, 6, 7) {{1, 2}, {1, 4}, {4, 5}, {4, 7}, {5, 6}} − F ′1
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B′′′a1 Vertex Splits
Vertex Split Delete Contract Minor
B′′′aVS11 = B
′′′a
1 + (1→ {2, 4}) {{2, 4}, {5, 6}} {{3, 6}} D′′3
B′′′aVS21 = B
′′′a
1 + (1→ {2, 5}) {{2, 5}, {3, 4}} {{3, 6}} D′′3
B′′′aVS31 = B
′′′a
1 + (1→ {2, 9}) {{4, 5}, {4, 7}, {5, 6}} {{7, 9}} F ′1
B′′′aVS41 = B
′′′a
1 + (2→ {1, 4}) {{1, 4}, {5, 6}} {{3, 6}} D′′3
B′′′aVS51 = B
′′′a
1 + (2→ {1, 5}) {{1, 5}, {3, 4}} {{3, 6}} D′′3
B′′′aVS61 = B
′′′a
1 + (2→ {1, 6}) {{4, 5}, {4, 7}, {5, 7}} {{7, 8}} F ′1
B′′′aVS71 = B
′′′a
1 + (4→ {1, 2}) {{1, 2}, {5, 6}} {{3, 6}} D′′3
B′′′aVS81 = B
′′′a
1 + (4→ {1, 3}) {{1, 5}, {5, 6}} {{7, 9}} D′′3
B′′′aVS91 = B
′′′a
1 + (4→ {1, 5}) {{1, 5}, {4, 7}, {5, 6}} {{7, 9}} F ′1
B′′′aVS101 = B
′′′a
1 + (4→ {1, 7}) {{1, 2}, {4, 5}, {5, 6}} {{3, 9}} F ′1
B′′′aVS111 = B
′′′a
1 + (4→ {1, 8}) {{2, 5}, {5, 6}} {{8, 10}} D′′3
B′′′aVS121 = B
′′′a
1 + (4→ {2, 3}) {{1, 5}, {2, 6}} {{3, 6}} D′′3
B′′′aVS131 = B
′′′a
1 + (4→ {2, 5}) {{2, 5}, {4, 7}, {5, 7}} {{7, 8}} F ′1
B′′′aVS141 = B
′′′a
1 + (4→ {2, 8}) {{1, 2}, {4, 5}, {5, 6}} {{3, 6}} F ′1
B′′′aVS151 = B
′′′a
1 + (4→ {3, 5}) {{5, 6}} {{3, 6}} E′′3
B′′′aVS161 = B
′′′a
1 + (4→ {1, 2, 3}) {{1, 5}, {1, 10}, {5, 6}} {{1, 2}} E20
B′′′aVS171 = B
′′′a
1 + (4→ {1, 2, 7}) {{1, 10}, {2, 5}} {{3, 6}} D′′3
B′′′aVS181 = B
′′′a
1 + (4→ {1, 2, 8}) {{1, 2}, {5, 6}, {5, 7}} {{1, 9}, {3, 6}} E18
B′′′aVS191 = B
′′′a
1 + (4→ {1, 3, 7}) {{1, 2}, {4, 5}, {5, 6}} {{3, 6}} F ′1
B′′′aVS201 = B
′′′a
1 + (4→ {1, 3, 8}) {{1, 9}, {2, 5}, {5, 7}} {{3, 9}} F ′1
B′′′aVS211 = B
′′′a
1 + (4→ {1, 5, 7}) {{2, 5}, {6, 8}} {{4, 8}} D′′3
B′′′aVS221 = B
′′′a
1 + (5→ {1, 2}) {{1, 2}, {3, 4}} {{3, 6}} D′′3
B′′′aVS231 = B
′′′a
1 + (5→ {1, 4}) {{1, 4}, {4, 7}, {5, 6}} {{7, 9}} F ′1
B′′′aVS241 = B
′′′a
1 + (5→ {1, 6}) {{4, 8}, {5, 7}} {{1, 10}} D′′3
B′′′aVS251 = B
′′′a
1 + (5→ {1, 7}) {{2, 4}, {4, 8}, {5, 6}} {{3, 6}} E22
B′′′aVS261 = B
′′′a
1 + (5→ {1, 8}) {{4, 7}, {4, 8}} {{1, 10}} D′′3
B′′′aVS271 = B
′′′a
1 + (5→ {2, 4}) {{2, 4}, {4, 7}, {5, 7}} {{7, 8}} F ′1
B′′′aVS281 = B
′′′a
1 + (5→ {2, 6}) {{1, 4}, {2, 6}} {{3, 6}} D′′3
B′′′aVS291 = B
′′′a
1 + (5→ {2, 8}) {{1, 2}, {3, 4}, {4, 5}} {{3, 6}} F ′1
B′′′aVS301 = B
′′′a
1 + (5→ {4, 6}) {{1, 5}, {2, 4}, {4, 8}, {5, 7}} − F4
B′′′aVS311 = B
′′′a
1 + (5→ {1, 2, 4}) {{3, 4}, {4, 7}, {5, 8}} {{3, 6}} E20
B′′′aVS321 = B
′′′a
1 + (5→ {1, 2, 7}) {{1, 10}, {2, 4}} {{3, 6}} D′′3
B′′′aVS331 = B
′′′a
1 + (5→ {1, 2, 8}) {{1, 4}, {4, 5}, {4, 7}} {{1, 9}} F ′1
B′′′aVS341 = B
′′′a
1 + (5→ {1, 4, 7}) {{1, 4}, {4, 7}, {5, 6}} {{3, 9}} E22
B′′′aVS351 = B
′′′a
1 + (5→ {1, 4, 8}) {{1, 4}, {2, 5}, {4, 7}} {{3, 9}} F ′1
B′′′aVS361 = B
′′′a
1 + (5→ {1, 6, 7}) {{1, 10}, {2, 4}} {{7, 10}} D′′3
B′′′aVS371 = B
′′′a
1 + (6→ {2, 3}) {{4, 7}, {5, 8}} {{3, 9}} D′′3
B′′′aVS381 = B
′′′a
1 + (6→ {2, 8}) {{1, 2}, {4, 5}, {4, 8}, {5, 7}} − F4
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B′′′a1 Edge Splits
Edge Split Delete Contract Minor
B′′′aES11 = B
′′′a
1 + (1, {3, 6}) {{1, 9}, {4, 7}, {5, 8}} {{3, 9}} D′′3
B′′′aES21 = B
′′′a
1 + (1, {6, 8}) {{1, 4}, {2, 5}, {5, 6}} {{8, 10}} D′′3
B′′′aES31 = B
′′′a
1 + (1, {7, 8}) {{1, 4}, {2, 5}, {5, 6}} {{8, 10}} D′′3
B′′′aES41 = B
′′′a
1 + (2, {3, 9}) {{2, 6}, {4, 7}, {5, 8}} {{7, 9}} D′′3
B′′′aES51 = B
′′′a
1 + (2, {7, 8}) {{1, 4}, {2, 4}, {2, 5}} {{3, 6}} D′′3
B′′′aES61 = B
′′′a
1 + (2, {7, 9}) {{1, 4}, {2, 4}, {2, 5}} {{7, 10}} D′′3
B′′′aES71 = B
′′′a
1 + (3, {1, 2}) {{2, 6}, {4, 7}, {5, 8}} {{2, 10}} D′′3
B′′′aES81 = B
′′′a
1 + (3, {1, 5}) {{1, 4}, {2, 4}, {5, 6}} {{7, 9}} D′′3
B′′′aES91 = B
′′′a
1 + (3, {2, 5}) {{1, 4}, {2, 4}, {5, 6}} {{6, 8}} D′′3
B′′′aES101 = B
′′′a
1 + (5, {3, 9}) {{1, 2}, {4, 5}, {4, 7}, {5, 6}, {5, 8}} − F4
B′′′aES111 = B
′′′a
1 + (6, {1, 4}) {{4, 8}, {5, 6}, {5, 7}} {{1, 10}} D′′3
B′′′aES121 = B
′′′a
1 + (6, {1, 9}) {{3, 6}, {4, 7}, {5, 8}} {{3, 4}} D′′3
B′′′aES131 = B
′′′a
1 + (9, {2, 4}) {{4, 7}, {5, 6}, {5, 8}} {{2, 10}} D′′3
B′′′aES141 = B
′′′a
1 + (9, {2, 5}) {{4, 7}, {5, 6}, {5, 8}} {{2, 10}} D′′3
B′′′aES151 = B
′′′a
1 + (9, {2, 6}) {{3, 6}, {4, 7}, {5, 8}} {{3, 4}} D′′3
B′′′aES161 = B
′′′a
1 + (9, {4, 5}) {{1, 4}, {2, 5}, {4, 7}, {5, 6}, {5, 8}} − F4
B′′′aES171 = B
′′′a
1 + (9, {5, 6}) {{1, 2}, {4, 5}, {4, 7}, {5, 7}} {{7, 8}} E22
B′′′a1 Triad Additions
Triad Addition Delete Contract Minor
B′′′aTA11 = B
′′′a
1 + (1, 3, 8) {{1, 4}, {1, 5}, {2, 5}, {3, 4}} {{7, 9}} D′′3
B′′′aTA21 = B
′′′a
1 + (1, 6, 7) {{1, 2}, {1, 4}, {2, 4}, {2, 5}} {{2, 6}} D′′3
B′′′aTA31 = B
′′′a
1 + (2, 3, 8) {{1, 4}, {2, 4}, {2, 5}, {6, 8}} {{8, 10}} D′′3
B′′′aTA41 = B
′′′a
1 + (2, 8, 9) {{1, 2}, {1, 4}, {2, 4}, {5, 6}} {{1, 5}} D′′3
B′′′b1 Vertex Splits
Vertex Split Delete Contract Minor
B′′′bVS11 = B
′′′b
1 + (1→ {2, 3}) {{2, 6}, {4, 5}} {{3, 6}} D′′3
B′′′bVS21 = B
′′′b
1 + (1→ {2, 4}) {{2, 9}, {5, 6}} {{4, 9}} D′′3
B′′′bVS31 = B
′′′b
1 + (1→ {2, 5}) {{2, 5}, {3, 4}} {{3, 6}} D′′3
B′′′bVS41 = B
′′′b
1 + (2→ {1, 5}) {{1, 5}, {3, 4}} {{3, 6}} D′′3
B′′′bVS51 = B
′′′b
1 + (2→ {1, 6}) {{1, 3}, {4, 5}} {{3, 6}} D′′3
B′′′bVS61 = B
′′′b
1 + (2→ {1, 9}) {{1, 4}, {5, 6}} {{1, 3}} D′′3
B′′′bVS71 = B
′′′b
1 + (3→ {1, 4}) {{1, 4}, {2, 5}} {{3, 6}} D′′3
B′′′bVS81 = B
′′′b
1 + (3→ {1, 7}) {{1, 2}, {4, 5}, {5, 6}} {{3, 6}} F ′1
B′′′bVS91 = B
′′′b
1 + (4→ {1, 3}) {{1, 3}, {2, 5}} {{3, 6}} D′′3
B′′′bVS101 = B
′′′b
1 + (4→ {1, 5}) {{1, 5}, {2, 6}} {{3, 6}} D′′3
B′′′bVS111 = B
′′′b
1 + (4→ {1, 7}) {{1, 2}, {4, 5}, {5, 6}} {{4, 9}} F ′1
B′′′bVS121 = B
′′′b
1 + (4→ {1, 9}) {{3, 4}, {5, 7}} {{1, 3}} D′′3
B′′′bVS131 = B
′′′b
1 + (4→ {3, 5}) {{1, 5}, {4, 9}, {5, 7}} {{2, 9}} E20
B′′′bVS141 = B
′′′b
1 + (4→ {3, 9}) {{1, 4}, {5, 7}} {{1, 3}} D′′3
Continued on next page
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B′′′b1 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
B′′′bVS151 = B
′′′b
1 + (4→ {5, 9}) {{2, 5}, {3, 4}, {5, 8}} {{9, 10}} E22
B′′′bVS161 = B
′′′b
1 + (5→ {1, 2}) {{1, 2}, {3, 4}} {{3, 6}} D′′3
B′′′bVS171 = B
′′′b
1 + (5→ {1, 4}) {{1, 4}, {2, 6}} {{3, 6}} D′′3
B′′′bVS181 = B
′′′b
1 + (5→ {1, 6}) {{1, 3}, {4, 7}, {5, 8}} {{8, 9}} F ′1
B′′′bVS191 = B
′′′b
1 + (5→ {1, 7}) {{1, 2}, {3, 4}, {5, 6}} {{3, 6}} F ′1
B′′′bVS201 = B
′′′b
1 + (5→ {1, 8}) {{1, 3}, {2, 5}} {{3, 6}} D′′3
B′′′bVS211 = B
′′′b
1 + (5→ {2, 4}) {{2, 6}, {3, 4}, {5, 8}} {{8, 9}} F ′1
B′′′bVS221 = B
′′′b
1 + (5→ {2, 6}) {{1, 4}, {2, 6}} {{1, 3}} D′′3
B′′′bVS231 = B
′′′b
1 + (5→ {2, 8}) {{1, 2}, {3, 4}, {4, 5}} {{4, 9}} F ′1
B′′′bVS241 = B
′′′b
1 + (5→ {4, 6}) {{1, 2}, {3, 4}, {5, 10}} {{4, 10}} F ′1
B′′′bVS251 = B
′′′b
1 + (5→ {1, 2, 4}) {{2, 6}, {3, 4}, {5, 8}} {{2, 9}} E20
B′′′bVS261 = B
′′′b
1 + (5→ {1, 2, 7}) {{5, 10}, {6, 8}} {{7, 10}} D′′3
B′′′bVS271 = B
′′′b
1 + (5→ {1, 2, 8}) {{1, 3}, {2, 10}} {{3, 6}} D′′3
B′′′bVS281 = B
′′′b
1 + (5→ {1, 4, 7}) {{1, 2}, {1, 4}, {5, 6}} {{1, 3}} E20
B′′′bVS291 = B
′′′b
1 + (5→ {1, 4, 8}) {{1, 4}, {2, 5}, {2, 6}} {{1, 2}} F ′1
B′′′bVS301 = B
′′′b
1 + (5→ {1, 6, 7}) {{1, 2}, {1, 3}, {4, 7}} {{1, 4}} F ′1
B′′′bVS311 = B
′′′b
1 + (6→ {2, 3}) {{3, 4}, {5, 8}} {{2, 9}} D′′3
B′′′bVS321 = B
′′′b
1 + (6→ {2, 8}) {{1, 5}, {3, 4}, {5, 7}} {{3, 6}} E22
B′′′b1 Edge Splits
Edge Split Delete Contract Minor
B′′′bES11 = B
′′′b
1 + (1, {6, 8}) {{1, 3}, {1, 4}, {2, 5}} {{3, 6}} D′′3
B′′′bES21 = B
′′′b
1 + (1, {7, 8}) {{1, 3}, {1, 5}, {2, 5}} {{3, 6}} D′′3
B′′′bES31 = B
′′′b
1 + (1, {8, 9}) {{1, 3}, {2, 5}, {4, 7}, {5, 8}} {{8, 10}} F ′1
B′′′bES41 = B
′′′b
1 + (2, {3, 4}) {{2, 5}, {2, 6}, {4, 5}, {5, 8}} {{8, 9}} F ′1
B′′′bES51 = B
′′′b
1 + (2, {3, 7}) {{2, 5}, {5, 7}, {5, 8}} {{5, 6}} D′′3
B′′′bES61 = B
′′′b
1 + (2, {4, 7}) {{1, 4}, {3, 4}, {5, 7}} {{1, 3}} D′′3
B′′′bES71 = B
′′′b
1 + (2, {7, 8}) {{3, 4}, {4, 5}, {5, 8}} {{3, 6}} D′′3
B′′′bES81 = B
′′′b
1 + (3, {2, 5}) {{1, 5}, {2, 9}, {3, 4}, {5, 6}} {{4, 9}} E20
B′′′bES91 = B
′′′b
1 + (3, {2, 9}) {{1, 2}, {1, 4}, {5, 6}} {{1, 3}} D′′3
B′′′bES101 = B
′′′b
1 + (4, {2, 6}) {{1, 2}, {1, 4}, {5, 6}} {{1, 3}} D′′3
B′′′bES111 = B
′′′b
1 + (6, {1, 4}) {{1, 2}, {3, 4}, {4, 5}} {{2, 9}} D′′3
B′′′bES121 = B
′′′b
1 + (6, {4, 9}) {{1, 2}, {3, 4}, {4, 5}, {5, 6}} {{4, 10}} F ′1
B′′′bES131 = B
′′′b
1 + (9, {1, 3}) {{1, 2}, {3, 4}, {4, 5}} {{2, 9}} D′′3
B′′′bES141 = B
′′′b
1 + (9, {1, 5}) {{1, 3}, {3, 7}, {4, 5}, {5, 8}} {{3, 4}} F ′1
B′′′bES151 = B
′′′b
1 + (9, {3, 6}) {{2, 5}, {3, 4}, {6, 8}} {{8, 9}} D′′3
B′′′bES161 = B
′′′b
1 + (9, {5, 6}) {{1, 4}, {2, 5}, {3, 6}, {5, 8}} {{1, 3}} E20
B′′′b1 Triad Additions
Triad Addition Delete Contract Minor
B′′′bTA11 = B
′′′b
1 + (1, 6, 7) {{1, 2}, {1, 4}, {3, 7}, {4, 5}} {{2, 9}} D′′3
Continued on next page
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B′′′b1 Triad Additions – continued from previous page
Triad Addition Delete Contract Minor
B′′′bTA21 = B
′′′b
1 + (1, 6, 9) {{1, 3}, {4, 7}, {5, 8}, {9, 10}} {{1, 10}} D′′3
B′′′bTA31 = B
′′′b
1 + (1, 7, 9) {{1, 2}, {1, 3}, {4, 5}, {4, 7}} {{2, 9}} D′′3
B′′′bTA41 = B
′′′b
1 + (2, 3, 8) {{1, 2}, {2, 5}, {3, 4}, {4, 5}, {5, 8}} {{4, 9}} F ′1
B′′′bTA51 = B
′′′b
1 + (3, 5, 9) {{1, 2}, {3, 4}, {4, 5}, {5, 6}, {5, 10}} {{3, 10}} F ′1
B′′′c1 Vertex Splits
Vertex Split Delete Contract Minor
B′′′cVS11 = B
′′′c
1 + (1→ {2, 3}) {{3, 7}, {4, 5}, {5, 8}} {{3, 4}} F ′1
B′′′cVS21 = B
′′′c
1 + (1→ {2, 5}) {{2, 5}, {3, 4}} {{4, 9}} D′′3
B′′′cVS31 = B
′′′c
1 + (1→ {2, 9}) {{2, 9}, {5, 6}} {{1, 3}} D′′3
B′′′cVS41 = B
′′′c
1 + (2→ {1, 5}) {{1, 5}, {3, 4}} {{4, 9}} D′′3
B′′′cVS51 = B
′′′c
1 + (2→ {1, 6}) {{3, 6}, {5, 8}} {{1, 3}} D′′3
B′′′cVS61 = B
′′′c
1 + (2→ {1, 9}) {{1, 9}, {5, 6}} {{1, 3}} D′′3
B′′′cVS71 = B
′′′c
1 + (3→ {1, 4}) {{1, 9}, {2, 5}} {{3, 6}} D′′3
B′′′cVS81 = B
′′′c
1 + (3→ {1, 6}) {{4, 7}, {5, 8}} {{4, 9}} D′′3
B′′′cVS91 = B
′′′c
1 + (3→ {1, 7}) {{1, 2}, {5, 6}, {5, 7}} {{1, 10}, {3, 6}} E18
B′′′cVS101 = B
′′′c
1 + (5→ {1, 2}) {{1, 2}, {3, 4}} {{4, 9}} D′′3
B′′′cVS111 = B
′′′c
1 + (5→ {1, 4}) {{1, 2}, {3, 4}} {{2, 9}} D′′3
B′′′cVS121 = B
′′′c
1 + (5→ {1, 6}) {{1, 9}, {3, 4}, {5, 7}} {{3, 7}} F ′1
B′′′cVS131 = B
′′′c
1 + (5→ {1, 7}) {{3, 7}, {4, 9}} {{8, 9}} D′′3
B′′′cVS141 = B
′′′c
1 + (5→ {1, 8}) {{1, 9}, {2, 6}} {{3, 6}} D′′3
B′′′cVS151 = B
′′′c
1 + (5→ {2, 6}) {{1, 9}, {2, 6}} {{1, 3}} D′′3
B′′′cVS161 = B
′′′c
1 + (5→ {2, 7}) {{1, 2}, {2, 9}, {5, 6}} {{2, 6}} F ′1
B′′′cVS171 = B
′′′c
1 + (5→ {2, 8}) {{1, 3}, {2, 9}} {{3, 6}} D′′3
B′′′cVS181 = B
′′′c
1 + (5→ {6, 8}) {{1, 2}, {6, 8}} {{1, 3}} D′′3
B′′′cVS191 = B
′′′c
1 + (5→ {1, 2, 4}) {{3, 4}, {4, 7}, {5, 8}} {{4, 9}} E20
B′′′cVS201 = B
′′′c
1 + (5→ {1, 2, 6}) {{1, 9}, {3, 4}, {5, 7}} {{1, 3}} E20
B′′′cVS211 = B
′′′c
1 + (5→ {1, 2, 7}) {{1, 2}, {3, 4}, {5, 6}} {{1, 3}} F ′1
B′′′cVS221 = B
′′′c
1 + (5→ {1, 2, 8}) {{1, 2}, {1, 9}, {4, 7}} {{1, 3}, {4, 9}} E18
B′′′cVS231 = B
′′′c
1 + (5→ {1, 4, 6}) {{1, 2}, {3, 4}, {5, 7}} {{1, 3}} F ′1
B′′′cVS241 = B
′′′c
1 + (5→ {1, 6, 7}) {{1, 2}, {2, 5}, {3, 4}} {{2, 6}} F ′1
B′′′cVS251 = B
′′′c
1 + (5→ {1, 7, 8}) − − B′′′d1
B′′′cVS261 = B
′′′c
1 + (6→ {2, 3}) {{1, 2}, {5, 8}} {{1, 3}} D′′3
B′′′cVS271 = B
′′′c
1 + (6→ {2, 5}) {{1, 9}, {2, 5}} {{1, 3}} D′′3
B′′′cVS281 = B
′′′c
1 + (6→ {2, 8}) {{1, 5}, {2, 9}} {{3, 6}} D′′3
B′′′c1 Edge Splits
Edge Split Delete Contract Minor
B′′′cES11 = B
′′′c
1 + (1, {4, 7}) {{3, 4}, {3, 7}, {5, 8}} {{1, 3}} D′′3
B′′′cES21 = B
′′′c
1 + (1, {6, 8}) {{1, 3}, {1, 9}, {2, 5}} {{3, 6}} D′′3
B′′′cES31 = B
′′′c
1 + (1, {7, 8}) {{1, 9}, {3, 7}, {4, 5}} {{1, 3}} D′′3
Continued on next page
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B′′′c1 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
B′′′cES41 = B
′′′c
1 + (2, {3, 4}) {{1, 5}, {2, 6}, {2, 9}} {{3, 6}} D′′3
B′′′cES51 = B
′′′c
1 + (2, {3, 7}) {{2, 6}, {4, 7}, {5, 8}} {{4, 9}} D′′3
B′′′cES61 = B
′′′c
1 + (2, {4, 7}) {{1, 9}, {3, 4}, {5, 7}} {{1, 3}} D′′3
B′′′cES71 = B
′′′c
1 + (2, {7, 8}) {{2, 9}, {3, 4}, {5, 7}} {{1, 3}} D′′3
B′′′cES81 = B
′′′c
1 + (3, {2, 5}) {{1, 5}, {2, 9}, {5, 6}} {{5, 10}} D′′3
B′′′cES91 = B
′′′c
1 + (3, {2, 9}) {{1, 2}, {1, 9}, {5, 6}} {{1, 3}} D′′3
B′′′cES101 = B
′′′c
1 + (3, {5, 8}) {{1, 5}, {2, 9}, {5, 6}} {{5, 10}} D′′3
B′′′cES111 = B
′′′c
1 + (3, {8, 9}) {{1, 9}, {2, 5}, {3, 4}, {5, 7}} {{9, 10}} F ′1
B′′′cES121 = B
′′′c
1 + (6, {1, 9}) {{3, 6}, {4, 7}, {5, 8}} {{1, 10}} D′′3
B′′′cES131 = B
′′′c
1 + (6, {4, 7}) {{1, 9}, {2, 5}, {3, 7}} {{7, 10}} D′′3
B′′′cES141 = B
′′′c
1 + (6, {4, 9}) {{3, 4}, {5, 7}, {6, 8}} {{1, 3}} D′′3
B′′′c1 Triad Additions
Triad Addition Delete Contract Minor
B′′′cTA11 = B
′′′c
1 + (1, 4, 6) {{1, 2}, {1, 5}, {3, 4}, {5, 7}} {{2, 9}} D′′3
B′′′cTA21 = B
′′′c
1 + (1, 6, 7) {{1, 2}, {1, 5}, {3, 7}, {5, 7}} {{2, 9}} D′′3
B′′′cTA31 = B
′′′c
1 + (2, 3, 8) {{1, 2}, {3, 4}, {5, 7}, {8, 9}} {{2, 10}} D′′3
B′′′cTA41 = B
′′′c
1 + (3, 5, 9) {{1, 5}, {2, 9}, {5, 6}, {5, 8}} {{5, 10}} D′′3
B′′′d1 Vertex Splits
Vertex Split Delete Contract Minor
B′′′dVS11 = B
′′′d
1 + (1→ {2, 3}) {{2, 6}, {4, 5}} {{1, 10}, {4, 9}} D′′3
B′′′dVS21 = B
′′′d
1 + (1→ {2, 9}) {{2, 9}, {5, 6}} {{1, 3}, {5, 10}} D′′3
B′′′dVS31 = B
′′′d
1 + (2→ {1, 5}) {{1, 10}, {3, 4}} {{4, 9}, {5, 10}} D′′3
B′′′dVS41 = B
′′′d
1 + (2→ {1, 9}) {{1, 9}, {5, 6}} {{1, 3}, {5, 10}} D′′3
B′′′d1 Edge Splits
Edge Split Delete Contract Minor
B′′′dES11 = B
′′′d
1 + (1, {4, 5}) {{1, 2}, {1, 10}, {3, 4}} {{2, 9}, {5, 10}} D′′3
B′′′dES21 = B
′′′d
1 + (1, {4, 7}) {{1, 9}, {2, 6}, {5, 10}} {{1, 10}, {4, 11}} D′′3
B′′′dES31 = B
′′′d
1 + (1, {5, 6}) {{1, 3}, {4, 7}, {8, 10}} {{1, 10}, {6, 11}} D′′3
B′′′dES41 = B
′′′d
1 + (2, {3, 4}) {{1, 2}, {2, 5}, {3, 7}} {{4, 7}, {5, 6}} D′′3
B′′′dES51 = B
′′′d
1 + (2, {3, 7}) {{1, 2}, {2, 5}, {3, 4}} {{4, 7}, {5, 6}} D′′3
B′′′d1 Triad Additions
Triad Addition Delete Contract Minor
B′′′dTA11 = B
′′′d
1 + (1, 4, 6) {{1, 2}, {1, 9}, {3, 4}, {4, 5}} {{2, 9}, {5, 10}} D′′3
B′′′dTA21 = B
′′′d
1 + (1, 5, 7) {{1, 2}, {1, 3}, {3, 7}, {7, 10}} {{2, 9}, {3, 4}} D′′3
212
E ′3 Minors
Below are the vertex splits, edge splits, and triad additions of E ′3 and their minors needed
for Lemma 5.2.12.
E′3 Vertex Splits
Vertex Split Delete Contract Minor
E′VS13 = E
′
3 + (1→ {2, 3}) {{2, 3}} {{1, 4}} D′3
E′VS23 = E
′
3 + (1→ {2, 4}) {{1, 6}} {{1, 8}} D′3
E′VS33 = E
′
3 + (1→ {2, 6}) {{1, 3}} {{2, 9}} D′3
E′VS43 = E
′
3 + (1→ {2, 8}) {{2, 3}} {{1, 4}} D′3
E′VS53 = E
′
3 + (1→ {3, 4}) {{2, 3}} {{1, 2}} D′3
E′VS63 = E
′
3 + (1→ {3, 6}) {{3, 6}} − E′′3
E′VS73 = E
′
3 + (2→ {1, 3}) {{1, 3}} {{1, 4}} D′3
E′VS83 = E
′
3 + (3→ {1, 2}) {{1, 2}} {{1, 4}} D′3
E′VS93 = E
′
3 + (3→ {1, 5}) {{3, 7}} {{4, 7}} D′3
E′VS103 = E
′
3 + (3→ {1, 6}) {{1, 6}} − E′′3
E′VS113 = E
′
3 + (3→ {2, 6}) {{1, 2}} {{1, 4}} D′3
E′3 Edge Splits
Edge Split Delete Contract Minor
E′ES13 = E
′
3 + (2, {6, 8}) {{1, 2}, {1, 3}} {{2, 9}} D′3
E′ES23 = E
′
3 + (4, {2, 3}) {{1, 2}, {1, 3}} {{1, 4}} D′3
E′ES33 = E
′
3 + (4, {3, 6}) {{1, 3}, {1, 4}} {{1, 2}} D′3
E′3 Triad Additions
Triad Addition Delete Contract Minor
E′TA13 = E
′
3 + (2, 4, 6) {{1, 2}, {1, 3}, {6, 8}} {{2, 9}} D′3
E′TA23 = E
′
3 + (2, 4, 8) {{1, 2}, {1, 4}, {1, 6}} {{1, 3}} D′3
E ′′3 Minors
Below are the vertex splits, edge splits, and triad additions of E ′′3 and their minors needed
for Lemma 5.2.13.
E′′3 Vertex Splits
Vertex Split Delete Contract Minor
E′′VS13 = E
′′
3 + (1→ {2, 3}) {{2, 3}} {{1, 4}} D′′3
E′′VS23 = E
′′
3 + (1→ {2, 4}) {{1, 7}, {8, 9}} {{1, 9}} F ′1
E′′VS33 = E
′′
3 + (1→ {2, 7}) {{1, 3}, {2, 8}} {{2, 10}} F ′1
E′′VS43 = E
′′
3 + (1→ {2, 9}) {{2, 3}, {4, 8}} {{1, 4}} F ′1
E′′VS53 = E
′′
3 + (1→ {3, 4}) {{2, 3}} {{1, 2}} D′′3
Continued on next page
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E′′3 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
E′′VS63 = E
′′
3 + (1→ {3, 7}) {{2, 8}, {8, 9}} {{4, 8}} E22
E′′VS73 = E
′′
3 + (2→ {1, 3}) {{1, 3}} {{1, 4}} D′′3
E′′VS83 = E
′′
3 + (2→ {1, 8}) − {{4, 5}, {6, 7}} D′3
E′′VS93 = E
′′
3 + (3→ {1, 2}) {{1, 2}} {{1, 4}} D′′3
E′′VS103 = E
′′
3 + (3→ {1, 8}) − {{4, 5}, {6, 7}} D′3
E′′VS113 = E
′′
3 + (5→ {2, 4}) − {{3, 6}, {5, 9}} D′3
E′′VS123 = E
′′
3 + (5→ {2, 9}) {{2, 3}} {{4, 5}} E′5
E′′3 Edge Splits
Edge Split Delete Contract Minor
E′′ES13 = E
′′
3 + (1, {5, 6}) {{1, 2}, {1, 9}, {3, 8}, {7, 8}} − F4
E′′ES23 = E
′′
3 + (2, {6, 7}) {{2, 5}} {{3, 6}, {7, 10}} D′3
E′′ES33 = E
′′
3 + (2, {7, 9}) {{1, 7}} {{1, 4}, {5, 6}} D′3
E′′ES43 = E
′′
3 + (3, {4, 5}) {{2, 3}} {{2, 5}, {6, 7}} D′3
E′′ES53 = E
′′
3 + (3, {5, 9}) {{5, 6}} {{3, 6}, {9, 10}} D′3
E′′ES63 = E
′′
3 + (3, {7, 9}) {{1, 7}} {{1, 4}, {5, 6}} D′3
E′′ES73 = E
′′
3 + (4, {2, 3}) {{2, 5}} {{3, 6}, {5, 9}} D′3
E′′ES83 = E
′′
3 + (4, {3, 6}) {{2, 3}} {{2, 5}, {6, 7}} D′3
E′′ES93 = E
′′
3 + (5, {1, 3}) {{3, 8}} {{4, 8}, {6, 7}} D′3
E′′ES103 = E
′′
3 + (6, {1, 2}) {{5, 6}} {{2, 10}, {6, 7}} D′3
E′′ES113 = E
′′
3 + (6, {1, 4}) {{1, 2}, {3, 8}, {5, 6}, {7, 9}} − F4
E′′3 Triad Additions
Triad Addition Delete Contract Minor
E′′TA13 = E
′′
3 + (1, 6, 8) {{1, 2}, {1, 9}, {3, 8}, {5, 6}, {7, 8}} − F4
E′′TA23 = E
′′
3 + (2, 4, 6) {{1, 4}, {1, 7}} {{1, 9}, {6, 7}} D′3
E′′TA33 = E
′′
3 + (2, 4, 7) {{1, 2}, {1, 4}} {{1, 3}, {5, 6}} D′3
E′′TA43 = E
′′
3 + (2, 4, 9) {{1, 2}, {1, 4}} {{1, 3}, {5, 6}} D′3
E′′TA53 = E
′′
3 + (2, 6, 9) {{1, 2}, {2, 3}} {{1, 4}, {3, 6}} D′3
E′′TA63 = E
′′
3 + (3, 4, 7) {{1, 3}, {1, 4}} {{1, 2}, {5, 6}} D′3
E ′5 Minors









minors needed for Lemma 5.2.14.
E′5 Vertex Splits
Vertex Split Delete Contract Minor
E′VS15 = E
′
5 + (1→ {2, 4}) {{6, 7}} − E′′5
E′VS25 = E
′
5 + (1→ {2, 7}) − − E′a5
Continued on next page
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E′5 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
E′VS35 = E
′
5 + (4→ {1, 3}) {{5, 6}, {6, 7}} − F4
E′VS45 = E
′
5 + (4→ {1, 5}) {{1, 6}} {{2, 3}} F ′1
E′VS55 = E
′
5 + (4→ {1, 7}) {{1, 7}} − E′′5
E′VS65 = E
′
5 + (4→ {1, 9}) {{1, 6}} {{1, 10}} F ′1
E′VS75 = E
′
5 + (4→ {3, 5}) {{1, 6}} {{1, 2}} F ′1
E′VS85 = E
′
5 + (4→ {3, 9}) {{1, 7}} − E′′5
E′VS95 = E
′
5 + (5→ {2, 4}) {{1, 6}, {4, 7}} − F4
E′VS105 = E
′
5 + (5→ {2, 8}) − − E′b5
E′5 Edge Splits
Edge Split Delete Contract Minor
E′ES15 = E
′
5 + (1, {5, 8}) − {{2, 3}, {5, 10}} D′3
E′ES25 = E
′
5 + (1, {8, 9}) − {{7, 8}, {9, 10}} D′3
E′ES35 = E
′
5 + (2, {4, 7}) {{1, 4}, {6, 7}} {{7, 8}} E22
E′ES45 = E
′
5 + (2, {4, 9}) {{1, 6}, {2, 5}, {4, 7}} − F4
E′ES55 = E
′
5 + (2, {7, 8}) − {{2, 3}, {7, 10}} D′3
E′ES65 = E
′
5 + (2, {8, 9}) {{2, 5}} − E′b5
E′ES75 = E
′
5 + (3, {1, 7}) − {{1, 2}, {7, 10}} D′3
E′ES85 = E
′
5 + (3, {5, 8}) − {{1, 2}, {3, 10}} D′3
E′ES95 = E
′
5 + (3, {7, 8}) − {{1, 2}, {3, 10}} D′3
E′ES105 = E
′
5 + (5, {1, 7}) − {{1, 10}, {2, 3}} D′3
E′5 Triad Additions
Triad Addition Delete Contract Minor
E′TA15 = E
′
5 + (1, 3, 8) {{1, 4}, {3, 4}, {5, 6}, {6, 7}} − F4
E′TA25 = E
′
5 + (1, 3, 9) {{1, 4}, {1, 6}, {4, 7}} {{1, 7}} E22
E′TA35 = E
′
5 + (1, 5, 9) {{1, 7}} {{1, 10}, {2, 3}} D′3
E′TA45 = E
′
5 + (2, 4, 8) {{1, 4}, {1, 6}, {4, 5}} {{1, 2}} E22
E′TA55 = E
′
5 + (3, 5, 9) {{1, 4}, {1, 6}, {4, 5}} {{1, 2}} E22
E′a5 Vertex Splits
Vertex Split Delete Contract Minor
E′aVS15 = E
′a
5 + (4→ {1, 3}) {{5, 6}, {6, 7}} {{1, 10}} F4
E′aVS25 = E
′a
5 + (4→ {1, 5}) {{1, 6}} {{1, 10}, {2, 3}} F ′1
E′aVS35 = E
′a
5 + (4→ {1, 7}) {{3, 6}} {{2, 3}, {2, 10}} F ′1
E′aVS45 = E
′a
5 + (4→ {1, 9}) {{1, 6}} {{1, 10}, {1, 11}} F ′1
E′aVS55 = E
′a
5 + (4→ {5, 7}) {{5, 6}, {6, 7}} {{2, 5}} F4
E′aVS65 = E
′a
5 + (4→ {5, 9}) {{3, 6}, {6, 7}} {{2, 3}} F4
E′aVS75 = E
′a
5 + (5→ {2, 4}) {{1, 6}, {4, 7}} {{1, 4}} F4
E′aVS85 = E
′a
5 + (5→ {2, 8}) − − E′c5
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E′a5 Edge Splits
Edge Split Delete Contract Minor
E′aES15 = E
′a
5 + (1, {2, 3}) − {{1, 10}, {2, 5}, {3, 11}} D′3
E′aES25 = E
′a
5 + (1, {2, 5}) {{1, 4}, {5, 6}, {6, 7}} {{1, 6}} F4
E′aES35 = E
′a
5 + (1, {5, 8}) {{1, 4}, {5, 6}} {{2, 10}, {8, 11}} E22
E′aES45 = E
′a
5 + (1, {7, 8}) {{1, 4}, {5, 6}} {{2, 10}, {8, 11}} E22
E′aES55 = E
′a
5 + (2, {1, 4}) {{3, 4}, {5, 6}, {6, 7}} {{2, 3}} F4
E′aES65 = E
′a
5 + (2, {4, 7}) {{1, 4}, {6, 7}} {{1, 6}, {7, 8}} E22
E′aES75 = E
′a
5 + (2, {4, 9}) {{1, 6}, {2, 5}, {4, 7}} {{1, 4}} F4
E′aES85 = E
′a
5 + (2, {7, 8}) − {{1, 10}, {2, 3}, {7, 11}} D′3
E′aES95 = E
′a
5 + (2, {8, 9}) {{4, 5}, {4, 7}, {6, 7}} {{7, 8}} F4
E′aES105 = E
′a
5 + (4, {2, 10}) {{1, 4}, {6, 7}} {{1, 6}} E′′5
E′aES115 = E
′a
5 + (5, {1, 10}) {{4, 5}, {4, 7}, {5, 6}} {{5, 8}} F4
E′aES125 = E
′a
5 + (5, {7, 10}) − {{1, 10}, {2, 3}, {10, 11}} D′3
E′aES135 = E
′a
5 + (8, {1, 4}) {{1, 6}, {4, 5}} {{1, 10}, {2, 10}} E22
E′aES145 = E
′a
5 + (8, {1, 10}) {{1, 4}, {5, 6}} {{1, 6}, {2, 10}} E22
E′aES155 = E
′a
5 + (8, {2, 10}) − {{1, 10}, {8, 9}, {10, 11}} D′3
E′aES165 = E
′a
5 + (9, {1, 10}) − {{2, 3}, {2, 10}, {5, 8}} D′3
E′aES175 = E
′a
5 + (9, {2, 5}) − {{1, 10}, {7, 8}, {9, 11}} D′3
E′a5 Triad Additions
Triad Addition Delete Contract Minor
E′aTA15 = E
′a
5 + (1, 2, 8) {{1, 4}, {1, 10}, {5, 6}} {{1, 6}, {2, 10}} E22
E′aTA25 = E
′a
5 + (1, 2, 9) {{2, 3}, {3, 4}, {4, 5}} {{2, 5}, {3, 6}} E22
E′aTA35 = E
′a
5 + (1, 3, 5) {{1, 4}, {3, 6}, {4, 5}, {5, 6}} {{1, 11}} F4
E′aTA45 = E
′a
5 + (1, 3, 8) {{1, 4}, {3, 6}, {5, 8}} {{2, 10}, {8, 11}} E22
E′aTA55 = E
′a
5 + (1, 3, 9) {{1, 4}, {1, 6}, {4, 7}} {{1, 10}, {7, 10}} E22
E′aTA65 = E
′a
5 + (1, 5, 7) {{1, 4}} {{1, 11}, {2, 3}, {2, 10}} D′3
E′aTA75 = E
′a
5 + (1, 5, 9) {{2, 3}, {3, 4}, {4, 5}} {{2, 5}, {3, 6}} E22
E′aTA85 = E
′a
5 + (1, 7, 9) {{2, 3}, {3, 4}, {4, 7}} {{2, 5}, {3, 6}} E22
E′aTA95 = E
′a
5 + (2, 4, 8) {{1, 4}, {1, 6}, {4, 5}} {{1, 10}, {2, 10}} E22
E′aTA105 = E
′a
5 + (2, 7, 9) {{1, 4}, {4, 5}, {6, 7}, {6, 9}} {{1, 6}} F4
E′b5 Vertex Splits
Vertex Split Delete Contract Minor
E′bVS15 = E
′b
5 + (1→ {2, 4}) {{6, 7}} {{5, 10}} E′′5
E′bVS25 = E
′b
5 + (1→ {2, 7}) − − E′c5
E′bVS35 = E
′b
5 + (4→ {1, 3}) {{5, 6}, {6, 7}} {{4, 5}} F4
E′bVS45 = E
′b
5 + (4→ {1, 5}) {{1, 6}} {{2, 3}, {5, 10}} F ′1
E′bVS55 = E
′b
5 + (4→ {1, 7}) {{1, 7}} {{5, 10}} E′′5
E′bVS65 = E
′b
5 + (4→ {1, 9}) {{1, 6}} {{2, 3}, {8, 9}} F ′1
E′bVS75 = E
′b
5 + (4→ {3, 5}) {{1, 6}} {{1, 2}, {5, 10}} F ′1
E′bVS85 = E
′b
5 + (4→ {3, 9}) {{1, 7}} {{5, 10}} E′′5
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E′b5 Edge Splits
Edge Split Delete Contract Minor
E′bES15 = E
′b
5 + (1, {5, 10}) {{1, 4}, {1, 6}, {4, 7}} {{8, 10}} F4
E′bES25 = E
′b
5 + (1, {8, 9}) {{1, 4}, {1, 6}, {4, 7}} {{1, 2}} F4
E′bES35 = E
′b
5 + (1, {8, 10}) − {{2, 3}, {5, 10}, {10, 11}} D′3
E′bES45 = E
′b
5 + (2, {4, 5}) {{1, 6}, {2, 10}, {4, 7}} {{5, 10}} F4
E′bES55 = E
′b
5 + (2, {4, 7}) {{1, 4}, {6, 7}} {{5, 10}, {7, 8}} E22
E′bES65 = E
′b
5 + (2, {4, 9}) {{1, 6}, {2, 10}, {4, 7}} {{5, 10}} F4
E′bES75 = E
′b
5 + (2, {7, 8}) − {{2, 3}, {5, 10}, {7, 11}} D′3
E′bES85 = E
′b
5 + (2, {8, 9}) {{1, 4}, {1, 6}, {4, 7}} {{1, 2}} F4
E′bES95 = E
′b
5 + (3, {1, 7}) − {{1, 2}, {5, 10}, {7, 11}} D′3
E′bES105 = E
′b
5 + (3, {5, 10}) − {{1, 2}, {8, 9}, {8, 10}} D′3
E′bES115 = E
′b
5 + (3, {7, 8}) − {{1, 2}, {3, 11}, {5, 10}} D′3
E′bES125 = E
′b
5 + (3, {8, 9}) − {{1, 2}, {5, 10}, {7, 8}} D′3
E′bES135 = E
′b
5 + (3, {8, 10}) − {{1, 2}, {3, 11}, {5, 10}} D′3
E′bES145 = E
′b
5 + (4, {2, 10}) {{1, 6}, {4, 5}, {4, 7}} {{5, 6}} F4
E′bES155 = E
′b
5 + (5, {1, 7}) − {{2, 3}, {2, 10}, {5, 11}} D′3
E′bES165 = E
′b
5 + (5, {2, 3}) − {{1, 2}, {3, 11}, {5, 10}} D′3
E′bES175 = E
′b
5 + (10, {1, 4}) {{1, 6}, {4, 7}, {6, 7}} {{1, 7}} F4
E′bES185 = E
′b
5 + (10, {1, 7}) − {{1, 11}, {2, 3}, {5, 10}} D′3
E′bES195 = E
′b
5 + (10, {3, 4}) − {{1, 2}, {3, 11}, {5, 10}} D′3
E′b5 Triad Additions
Triad Addition Delete Contract Minor
E′bTA15 = E
′b
5 + (1, 3, 5) {{1, 4}, {1, 6}, {3, 4}, {5, 6}} {{2, 10}} F4
E′bTA25 = E
′b
5 + (1, 3, 8) {{1, 4}, {1, 6}, {2, 3}, {4, 7}} {{1, 2}} F4
E′bTA35 = E
′b
5 + (1, 3, 9) {{1, 4}, {1, 6}, {4, 7}} {{1, 7}, {5, 10}} E22
E′bTA45 = E
′b
5 + (1, 5, 8) {{1, 4}, {1, 6}, {4, 5}, {7, 8}} {{2, 10}} F4
E′bTA55 = E
′b
5 + (1, 5, 9) {{1, 2}} {{1, 11}, {2, 3}, {7, 8}} D′3
E′bTA65 = E
′b
5 + (1, 9, 10) {{1, 4}, {1, 6}, {4, 7}, {8, 9}} {{7, 8}} F4
E′bTA75 = E
′b
5 + (2, 4, 8) {{1, 4}, {1, 6}, {4, 5}} {{1, 2}, {5, 6}} E22
E′bTA85 = E
′b
5 + (2, 5, 9) {{2, 10}} {{5, 10}, {5, 11}, {7, 8}} D′3
E′bTA95 = E
′b
5 + (3, 5, 9) {{1, 4}, {1, 6}, {4, 5}} {{1, 2}, {5, 10}} E22
E′bTA105 = E
′b
5 + (3, 9, 10) {{1, 4}, {1, 6}, {4, 5}} {{1, 2}, {5, 6}} E22
E′c5 Vertex Splits
Vertex Split Delete Contract Minor
E′cVS15 = E
′c
5 + (4→ {1, 3}) {{5, 6}, {6, 7}} {{1, 10}, {4, 5}} F4
E′cVS25 = E
′c
5 + (4→ {1, 5}) {{1, 6}} {{1, 10}, {2, 3}, {5, 11}} F ′1
E′cVS35 = E
′c
5 + (4→ {1, 7}) {{3, 6}, {6, 9}} {{2, 3}, {4, 9}} F4
E′cVS45 = E
′c
5 + (4→ {1, 9}) {{1, 6}} {{1, 10}, {2, 3}, {8, 9}} F ′1
E′cVS55 = E
′c
5 + (4→ {3, 5}) {{1, 6}} {{1, 4}, {2, 10}, {5, 11}} F ′1
E′cVS65 = E
′c
5 + (4→ {3, 7}) {{3, 6}, {6, 7}} {{2, 3}, {2, 11}} F4
Continued on next page
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E′c5 Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
E′cVS75 = E
′c
5 + (7→ {4, 6}) − − E′d5
E′cVS85 = E
′c
5 + (7→ {4, 8}) {{3, 4}, {5, 6}} {{2, 3}, {4, 5}} F4
E′c5 Edge Splits
Edge Split Delete Contract Minor
E′cES15 = E
′c
5 + (1, {2, 3}) − {{1, 10}, {2, 11}, {3, 12}, {5, 11}} D′3
E′cES25 = E
′c
5 + (1, {2, 11}) {{1, 4}, {4, 7}, {6, 7}} {{7, 8}, {7, 10}} F4
E′cES35 = E
′c
5 + (1, {5, 11}) {{1, 4}, {1, 6}, {4, 7}} {{1, 10}, {8, 11}} F4
E′cES45 = E
′c
5 + (1, {7, 8}) {{1, 4}, {5, 6}} {{2, 10}, {4, 5}, {8, 12}} E22
E′cES55 = E
′c
5 + (1, {8, 9}) {{1, 4}, {5, 6}} {{2, 10}, {4, 5}, {8, 12}} E22
E′cES65 = E
′c
5 + (2, {1, 4}) {{3, 4}, {5, 6}, {6, 7}} {{2, 3}, {4, 5}} F4
E′cES75 = E
′c
5 + (2, {4, 5}) {{1, 6}, {2, 11}, {4, 7}} {{1, 4}, {5, 11}} F4
E′cES85 = E
′c
5 + (2, {4, 7}) {{1, 4}, {6, 7}} {{1, 6}, {5, 11}, {7, 8}} E22
E′cES95 = E
′c
5 + (2, {4, 9}) {{1, 6}, {2, 11}, {4, 7}} {{1, 4}, {5, 11}} F4
E′cES105 = E
′c
5 + (2, {7, 8}) − {{1, 10}, {2, 3}, {5, 11}, {7, 12}} D′3
E′cES115 = E
′c
5 + (2, {8, 9}) {{1, 4}, {1, 6}, {4, 7}} {{1, 10}, {2, 10}} F4
E′cES125 = E
′c
5 + (3, {1, 10}) − {{1, 12}, {2, 3}, {5, 11}, {7, 10}} D′3
E′cES135 = E
′c
5 + (3, {5, 11}) − {{1, 10}, {2, 10}, {8, 9}, {8, 11}} D′3
E′cES145 = E
′c
5 + (3, {8, 9}) {{3, 4}, {5, 6}} {{2, 10}, {4, 5}, {8, 12}} E22
E′cES155 = E
′c
5 + (3, {8, 11}) {{3, 4}, {5, 6}} {{2, 10}, {4, 5}, {8, 12}} E22
E′cES165 = E
′c
5 + (4, {2, 10}) {{3, 4}, {4, 9}, {6, 7}} {{2, 3}, {6, 9}} F4
E′cES175 = E
′c
5 + (4, {2, 11}) {{1, 6}, {4, 5}, {4, 7}} {{1, 4}, {5, 6}} F4
E′cES185 = E
′c
5 + (7, {2, 3}) {{1, 4}, {4, 7}, {6, 7}} {{1, 6}, {2, 11}} F4
E′cES195 = E
′c
5 + (7, {2, 11}) − {{1, 10}, {2, 3}, {2, 12}, {5, 11}} D′3
E′cES205 = E
′c
5 + (8, {1, 4}) {{1, 6}, {4, 5}} {{1, 10}, {2, 10}, {5, 6}} E22
E′cES215 = E
′c
5 + (8, {1, 10}) {{1, 4}, {5, 6}} {{1, 6}, {2, 10}, {4, 5}} E22
E′cES225 = E
′c
5 + (8, {2, 3}) {{3, 4}, {5, 6}} {{2, 10}, {3, 6}, {4, 5}} E22
E′cES235 = E
′c
5 + (8, {2, 10}) − {{1, 10}, {2, 3}, {8, 9}, {10, 12}} D′3
E′cES245 = E
′c
5 + (8, {3, 4}) {{3, 6}, {4, 5}} {{2, 3}, {2, 10}, {5, 6}} E22
E′cES255 = E
′c
5 + (8, {4, 5}) {{1, 4}, {6, 7}, {8, 11}} {{1, 6}, {2, 11}} F4
E′c5 Triad Additions
Triad Addition Delete Contract Minor
E′cTA15 = E
′c
5 + (1, 2, 5) {{2, 3}, {2, 7}, {7, 8}} {{1, 7}, {3, 4}, {6, 9}} E22
E′cTA25 = E
′c
5 + (1, 2, 6) {{1, 10}, {2, 7}, {2, 10}} {{1, 4}, {5, 11}, {8, 10}} E22
E′cTA35 = E
′c
5 + (1, 3, 6) {{2, 3}, {3, 4}, {7, 8}} {{1, 4}, {3, 8}, {5, 11}} E22
E′cTA45 = E
′c
5 + (1, 3, 9) {{1, 4}, {2, 3}, {7, 8}} {{1, 12}, {3, 4}, {5, 6}} E22
E′cTA55 = E
′c
5 + (1, 3, 11) {{1, 4}, {2, 3}, {7, 8}} {{1, 12}, {3, 4}, {5, 6}} E22
E′cTA65 = E
′c
5 + (1, 5, 9) {{2, 3}, {2, 7}, {8, 9}} {{2, 9}, {3, 4}, {6, 7}} E22
E′cTA75 = E
′c
5 + (1, 9, 11) {{1, 4}, {2, 7}, {8, 9}} {{1, 12}, {3, 4}, {5, 6}} E22
E′cTA85 = E
′c
5 + (3, 5, 7) {{2, 3}, {2, 7}, {3, 4}, {7, 8}} {{1, 4}, {3, 8}} F4
Continued on next page
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E′c5 Triad Additions – continued from previous page
Triad Addition Delete Contract Minor
E′cTA95 = E
′c
5 + (3, 5, 9) {{1, 10}, {2, 10}, {2, 11}} {{1, 4}, {5, 11}, {8, 10}} E22
E′cTA105 = E
′c
5 + (3, 5, 10) {{2, 3}, {2, 11}, {5, 11}, {8, 10}} {{8, 11}, {10, 12}} F4
E′cTA115 = E
′c
5 + (3, 7, 9) {{1, 10}, {2, 7}, {2, 10}} {{1, 4}, {5, 11}, {8, 10}} E22
E′cTA125 = E
′c
5 + (3, 7, 10) {{2, 3}, {2, 7}, {7, 8}, {8, 10}} {{1, 4}, {6, 9}} F4
E′cTA135 = E
′c
5 + (3, 7, 11) {{2, 3}, {2, 7}, {5, 11}, {7, 8}} {{4, 5}, {7, 12}} F4
E′cTA145 = E
′c
5 + (3, 9, 10) {{2, 3}, {2, 11}, {3, 8}} {{3, 4}, {4, 5}, {5, 11}} E22
E′cTA155 = E
′c
5 + (3, 9, 11) {{1, 10}, {2, 10}, {2, 11}} {{1, 4}, {5, 11}, {8, 10}} E22
E′cTA165 = E
′c
5 + (4, 7, 9) {{1, 4}, {2, 7}, {2, 9}, {7, 8}} {{1, 7}, {5, 6}} F4
E′cTA175 = E
′c
5 + (4, 9, 10) {{2, 3}, {2, 11}, {3, 4}} {{3, 8}, {4, 5}, {5, 11}} E22
E′cTA185 = E
′c
5 + (7, 9, 10) {{2, 3}, {2, 7}, {3, 4}} {{1, 4}, {3, 8}, {5, 11}} E22
E′d5 Vertex Splits
Vertex Split Delete Contract Minor
E′dVS15 = E
′d
5 + (4→ {1, 3}) {{5, 6}, {6, 12}} {{1, 10}, {4, 5}, {4, 12}} F4
E′dVS25 = E
′d
5 + (4→ {1, 5}) {{1, 6}, {5, 6}} {{1, 10}, {5, 11}, {7, 10}} F4
E′d5 Edge Splits
Edge Split Delete Contract Minor
E′dES15 = E
′d
5 + (1, {2, 3}) − {{1, 10}, {2, 11}, {3, 13}, {5, 11}, {7, 12}} D′3
E′dES25 = E
′d
5 + (1, {2, 11}) {{1, 4}, {3, 6}} {{2, 3}, {7, 10}, {8, 9}, {11, 13}} E22
E′dES35 = E
′d
5 + (1, {5, 11}) {{1, 4}, {3, 6}} {{2, 3}, {7, 10}, {8, 9}, {11, 13}} E22
E′dES45 = E
′d
5 + (1, {8, 11}) {{1, 4}, {3, 6}} {{2, 3}, {7, 10}, {8, 9}, {11, 13}} E22
E′dES55 = E
′d
5 + (2, {1, 4}) {{2, 10}, {4, 9}, {5, 6}} {{1, 10}, {4, 5}, {6, 9}} F4
E′dES65 = E
′d
5 + (2, {4, 9}) {{1, 4}, {5, 6}} {{1, 6}, {4, 5}, {7, 8}, {9, 13}} E22
E′dES75 = E
′d
5 + (2, {7, 8}) − {{1, 10}, {2, 3}, {5, 11}, {7, 12}, {7, 13}} D′3
E′dES85 = E
′d
5 + (2, {7, 12}) {{1, 4}, {5, 6}} {{1, 6}, {4, 5}, {7, 8}, {12, 13}} E22
E′dES95 = E
′d
5 + (4, {2, 10}) {{1, 4}, {4, 9}, {5, 6}} {{1, 6}, {4, 5}, {6, 9}} F4
E′d5 Triad Additions
Triad Addition Delete Contract Minor
E′dTA15 = E
′d
5 + (1, 2, 5) {{3, 4}, {4, 9}, {6, 9}} {{2, 3}, {7, 8}, {7, 12}, {8, 9}} E22
E′dTA25 = E
′d
5 + (1, 2, 8) {{1, 4}, {1, 10}, {5, 6}} {{1, 6}, {2, 10}, {4, 5}, {7, 12}} E22
E′dTA35 = E
′d
5 + (1, 2, 9) {{1, 4}, {2, 10}, {5, 6}} {{1, 10}, {2, 13}, {4, 5}, {7, 8}} E22
E′dTA45 = E
′d
5 + (1, 2, 12) {{1, 4}, {2, 10}, {5, 6}} {{1, 10}, {2, 13}, {4, 5}, {7, 8}} E22
E′dTA55 = E
′d
5 + (1, 3, 5) {{3, 4}, {4, 9}, {6, 9}} {{2, 3}, {7, 8}, {7, 12}, {8, 9}} E22
E′dTA65 = E
′d
5 + (1, 3, 8) {{1, 4}, {3, 6}, {7, 8}} {{2, 10}, {5, 11}, {7, 10}, {8, 13}} E22
E′dTA75 = E
′d
5 + (1, 3, 9) {{1, 4}, {1, 6}, {4, 12}} {{1, 10}, {5, 11}, {6, 12}, {7, 10}} E22
E′dTA85 = E
′d
5 + (2, 4, 7) {{1, 4}, {2, 3}, {3, 4}} {{1, 6}, {2, 11}, {3, 6}, {8, 9}} E22
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F ′′1 Minors
Below are the vertex splits, edge splits, triad additions, theta extensions, and handcuff
extensions of F ′′1 and their minors needed for Lemma 5.2.15.
F ′′1 Vertex Splits
Vertex Split Delete Contract Minor
F ′′VS11 = F
′′
1 + (4→ {1, 7}) − {{5, 8}} F4
F ′′VS21 = F
′′
1 + (4→ {1, 8}) − − F ′′a1
F ′′1 Edge Splits
Edge Split Delete Contract Minor
F ′′ES11 = F
′′
1 + (1, {5, 6}) − {{5, 8}, {6, 9}} E22
F ′′ES21 = F
′′
1 + (1, {5, 8}) − {{3, 6}, {8, 11}} F ′1
F ′′ES31 = F
′′
1 + (1, {7, 10}) {{1, 4}} {{5, 8}} F4
F ′′ES41 = F
′′
1 + (1, {8, 10}) − {{2, 5}, {9, 10}} F ′1
F ′′ES51 = F
′′
1 + (2, {3, 6}) {{4, 7}} {{6, 9}} F4
F ′′ES61 = F
′′
1 + (2, {4, 8}) − {{3, 6}, {8, 10}} E22
F ′′ES71 = F
′′
1 + (2, {4, 9}) − {{5, 6}, {9, 11}} F ′1
F ′′ES81 = F
′′
1 + (2, {6, 9}) {{2, 7}} {{3, 6}} F4
F ′′ES91 = F
′′
1 + (2, {8, 10}) − {{5, 6}, {9, 10}} F ′1
F ′′ES101 = F
′′
1 + (2, {9, 10}) − {{5, 6}, {8, 10}} F ′1
F ′′ES111 = F
′′
1 + (4, {2, 5}) − {{3, 6}} E′′5
F ′′ES121 = F
′′
1 + (4, {5, 6}) − − F ′′b1
F ′′ES131 = F
′′
1 + (5, {1, 3}) − {{3, 11}, {6, 9}} F ′1
F ′′ES141 = F
′′
1 + (5, {1, 4}) {{3, 7}} {{1, 3}} F4
F ′′ES151 = F
′′
1 + (5, {3, 7}) {{2, 7}} {{1, 2}} F4
F ′′ES161 = F
′′
1 + (5, {4, 7}) − − F ′′c1
F ′′1 Triad Additions
Triad Addition Delete Contract Minor
F ′′TA11 = F
′′
1 + (1, 5, 9) {{4, 8}} {{3, 6}, {5, 8}} E22
F ′′TA21 = F
′′
1 + (1, 5, 10) {{1, 4}, {3, 7}} {{1, 3}} F4
F ′′TA31 = F
′′
1 + (1, 7, 8) {{2, 7}} {{1, 2}, {6, 9}} E22
F ′′TA41 = F
′′
1 + (1, 8, 9) {{4, 8}} {{3, 6}, {5, 8}} E22
F ′′TA51 = F
′′
1 + (2, 3, 8) {{2, 5}, {4, 7}} {{5, 6}} F4
F ′′TA61 = F
′′
1 + (2, 4, 6) {{1, 4}, {2, 7}} {{1, 2}} F4
F ′′1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′TE11 {{1, 4}, {2, 7}, {3, 6}, {3, 7}, {4, 6}, {4, 10}, {7, 10}} {{1, 3}, {5, 6}} F ′1
220
F ′′a1 Vertex Splits
Vertex Split Delete Contract Minor
F ′′aVS11 = F
′′a
1 + (7→ {2, 3}) − {{2, 5}, {4, 11}} F4
F ′′aVS21 = F
′′a
1 + (7→ {2, 4}) − − F ′′d1
F ′′aVS31 = F
′′a
1 + (7→ {2, 10}) − − F ′′e1
F ′′a1 Edge Splits
Edge Split Delete Contract Minor
F ′′aES11 = F
′′a
1 + (1, {4, 7}) − {{3, 6}, {4, 9}, {5, 8}} E22
F ′′aES21 = F
′′a
1 + (1, {4, 9}) − {{2, 5}, {4, 11}, {9, 12}} F ′1
F ′′aES31 = F
′′a
1 + (1, {5, 6}) − {{4, 11}, {5, 8}, {6, 9}} E22
F ′′aES41 = F
′′a
1 + (1, {5, 8}) {{3, 7}} {{1, 3}, {8, 10}} F4
F ′′aES51 = F
′′a
1 + (1, {6, 9}) {{2, 7}} {{1, 2}, {8, 10}} F4
F ′′aES61 = F
′′a
1 + (1, {7, 10}) {{1, 11}} {{4, 11}, {5, 8}} F4
F ′′aES71 = F
′′a
1 + (1, {8, 10}) {{1, 3}} {{3, 6}, {5, 8}} F4
F ′′aES81 = F
′′a
1 + (1, {9, 10}) − {{2, 5}, {4, 9}, {8, 11}} F ′1
F ′′aES91 = F
′′a
1 + (2, {3, 6}) {{4, 7}} {{4, 9}, {6, 9}} F4
F ′′aES101 = F
′′a
1 + (2, {4, 9}) − {{1, 3}, {8, 10}, {9, 12}} F ′1
F ′′aES111 = F
′′a
1 + (2, {4, 11}) {{2, 7}} {{2, 5}, {3, 7}} F4
F ′′aES121 = F
′′a
1 + (2, {6, 9}) {{2, 7}} {{1, 2}, {8, 10}} F4
F ′′aES131 = F
′′a
1 + (2, {8, 10}) {{2, 7}} {{1, 2}, {6, 9}} F4
F ′′aES141 = F
′′a
1 + (2, {8, 11}) − {{3, 6}, {4, 11}, {8, 10}} E22
F ′′aES151 = F
′′a
1 + (2, {9, 10}) − {{1, 3}, {4, 9}, {8, 11}} F ′1
F ′′aES161 = F
′′a
1 + (3, {2, 5}) {{4, 7}} {{4, 9}, {5, 8}} F4
F ′′aES171 = F
′′a
1 + (3, {4, 9}) − {{2, 5}, {4, 11}, {9, 10}} E22
F ′′aES181 = F
′′a
1 + (3, {4, 11}) − {{4, 12}, {5, 6}, {8, 11}} F ′1
F ′′aES191 = F
′′a
1 + (3, {8, 10}) − {{4, 11}, {5, 6}, {9, 10}} F ′1
F ′′aES201 = F
′′a
1 + (3, {8, 11}) − {{4, 11}, {5, 6}, {8, 12}} F ′1
F ′′aES211 = F
′′a
1 + (5, {1, 3}) {{5, 6}} {{1, 11}, {3, 6}} F4
F ′′aES221 = F
′′a
1 + (5, {1, 11}) {{3, 7}} {{1, 3}, {4, 11}} F4
F ′′aES231 = F
′′a
1 + (5, {4, 7}) − {{3, 6}, {4, 12}, {8, 11}} F ′1
F ′′aES241 = F
′′a
1 + (5, {4, 9}) {{7, 10}} {{1, 11}, {8, 10}} F4
F ′′aES251 = F
′′a
1 + (5, {4, 11}) {{1, 3}} {{1, 2}, {3, 6}} F4
F ′′aES261 = F
′′a
1 + (5, {7, 10}) − {{1, 11}, {3, 6}, {9, 10}} E22
F ′′aES271 = F
′′a
1 + (5, {9, 10}) − {{3, 6}, {4, 9}, {8, 11}} F ′1
F ′′aES281 = F
′′a
1 + (6, {1, 2}) − {{2, 12}, {4, 11}, {5, 8}} F ′1
F ′′aES291 = F
′′a
1 + (6, {1, 11}) {{2, 7}} {{1, 2}, {4, 11}} F4
F ′′aES301 = F
′′a
1 + (6, {2, 7}) {{3, 7}} {{1, 3}, {4, 11}} F4
F ′′aES311 = F
′′a
1 + (6, {4, 7}) − − F
′′f
1
F ′′aES321 = F
′′a
1 + (6, {4, 11}) − {{2, 5}, {8, 10}, {11, 12}} F ′1
F ′′aES331 = F
′′a
1 + (6, {7, 10}) {{8, 11}} {{1, 11}, {5, 8}} F4
F ′′aES341 = F
′′a
1 + (6, {8, 10}) − {{2, 5}, {4, 11}, {8, 12}} F ′1
F ′′aES351 = F
′′a
1 + (6, {8, 11}) {{4, 9}} {{4, 7}, {6, 9}} F4
Continued on next page
221
F ′′a1 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
F ′′aES361 = F
′′a
1 + (7, {1, 11}) {{4, 7}} {{4, 9}, {5, 8}} F4
F ′′aES371 = F
′′a
1 + (7, {5, 6}) − − F
′′g
1
F ′′aES381 = F
′′a
1 + (7, {5, 8}) − {{1, 11}, {3, 6}} E′′5
F ′′a1 Triad Additions
Triad Addition Delete Contract Minor
F ′′aTA11 = F
′′a
1 + (1, 4, 5) {{1, 3}, {4, 11}} {{1, 11}, {3, 6}} F4
F ′′aTA21 = F
′′a
1 + (1, 4, 6) {{1, 3}} {{1, 2}, {3, 6}, {8, 10}} E22
F ′′aTA31 = F
′′a
1 + (1, 4, 10) {{1, 11}, {4, 7}} {{2, 5}, {4, 11}} F4
F ′′aTA41 = F
′′a
1 + (1, 5, 9) {{1, 3}} {{1, 11}, {3, 6}, {8, 10}} E22
F ′′aTA51 = F
′′a
1 + (1, 5, 10) {{1, 3}, {8, 10}} {{3, 6}, {5, 8}} F4
F ′′aTA61 = F
′′a
1 + (1, 6, 8) {{4, 9}} {{2, 5}, {4, 7}, {6, 9}} E22
F ′′aTA71 = F
′′a
1 + (1, 6, 10) {{7, 10}} {{2, 5}, {4, 7}, {8, 10}} E22
F ′′aTA81 = F
′′a
1 + (1, 7, 8) {{2, 7}} {{1, 2}, {4, 11}, {6, 9}} E22
F ′′aTA91 = F
′′a
1 + (1, 7, 9) {{3, 7}} {{1, 3}, {4, 11}, {5, 8}} E22
F ′′aTA101 = F
′′a
1 + (2, 3, 4) {{1, 3}} {{1, 2}, {3, 6}, {8, 10}} E22
F ′′aTA111 = F
′′a
1 + (2, 3, 8) {{1, 3}, {2, 7}} {{1, 2}, {3, 7}} F4
F ′′aTA121 = F
′′a
1 + (2, 3, 10) {{2, 7}} {{2, 5}, {4, 11}, {6, 9}} E22
F ′′aTA131 = F
′′a
1 + (2, 4, 6) {{1, 3}} {{1, 2}, {3, 6}, {8, 10}} E22
F ′′aTA141 = F
′′a
1 + (2, 4, 8) {{7, 10}} {{1, 11}, {3, 6}, {8, 10}} E22
F ′′aTA151 = F
′′a
1 + (2, 6, 10) {{3, 7}} {{1, 3}, {4, 11}, {5, 8}} E22
F ′′aTA161 = F
′′a
1 + (2, 6, 11) {{1, 11}, {2, 7}} {{1, 2}, {4, 11}} F4
F ′′aTA171 = F
′′a
1 + (3, 4, 5) {{1, 11}, {3, 7}} {{1, 2}, {4, 11}} F4
F ′′aTA181 = F
′′a
1 + (3, 5, 11) {{1, 3}, {5, 6}} {{1, 2}, {3, 6}} F4
F ′′aTA191 = F
′′a
1 + (5, 7, 11) {{2, 7}, {5, 6}} {{1, 2}, {3, 6}} F4
F ′′aTA201 = F
′′a
1 + (6, 7, 11) {{7, 12}} {{2, 5}, {6, 12}, {8, 10}} F ′1
F ′′a1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′aTE11 {{1, 3}, {1, 11}, {2, 5}, {{1, 12}, {3, 6}, {5, 8}} F ′1
{6, 7}, {7, 12}, {8, 10}}
F ′′aTE21 {{3, 7}} {{3, 6}} F ′′aTE41
F ′′aTE31 {{1, 8}, {1, 12}, {2, 7}, {3, 7}, {{1, 2}, {3, 6}, {4, 9}} F ′1
{3, 9}, {4, 7}, {4, 10}}
F ′′aTE41 {{4, 11}} {{1, 11}} F ′′aTE61
F ′′aTE51 {{8, 10}} {{5, 8}} F ′′aTE31
F ′′aTE61 − {{4, 11}} F ′′TE11
F ′′aTE71 {{1, 11}, {2, 3}, {3, 9}, {4, 10}, {{4, 11}, {5, 8}, {2, 12}} F ′1
{5, 11}, {7, 8}, {7, 12}}
F ′′aTE81 {{1, 3}, {1, 7}, {2, 12}, {4, 11}, {{1, 2}, {6, 9}, {4, 8}} F ′1
{6, 10}, {7, 9}, {8, 10}}
Continued on next page
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F ′′a1 Theta Extensions – continued from previous page
Theta Extension Delete Contract Minor
F ′′aTE91 {{1, 2}, {1, 4}, {1, 11}, {3, 7}, {{1, 3}, {2, 5}, {2, 7}} F ′1
{5, 12}, {6, 10}, {7, 9}, {10, 11}}
F ′′a1 Handcuff Extensions
Handcuff Extension Delete Contract Minor
F ′′aHE11 − − F ′′aTE21
F ′′b1 Vertex Splits
Vertex Split Delete Contract Minor
F ′′bVS11 = F
′′b
1 + (4→ {1, 7}) {{4, 8}} {{5, 8}, {5, 11}} F4
F ′′bVS21 = F
′′b
1 + (4→ {1, 8}) − {{3, 6}, {5, 11}, {8, 12}} F ′1
F ′′bVS31 = F
′′b
1 + (4→ {1, 11}) − {{1, 12}, {5, 8}, {6, 9}} E22
F ′′bVS41 = F
′′b
1 + (4→ {7, 8}) {{1, 2}} {{1, 3}, {2, 5}} F4
F ′′bVS51 = F
′′b
1 + (4→ {7, 11}) − {{1, 4}, {11, 12}} E′′5
F ′′bVS61 = F
′′b
1 + (4→ {8, 9}) {{4, 11}} {{5, 8}, {5, 11}} F4
F ′′bVS71 = F
′′b
1 + (4→ {8, 11}) {{4, 9}} {{6, 9}, {6, 11}} F4
F ′′bVS81 = F
′′b
1 + (7→ {2, 3}) {{4, 11}} {{2, 5}, {5, 11}} F4
F ′′bVS91 = F
′′b
1 + (7→ {2, 4}) − − F
′′g
1
F ′′b1 Edge Splits
Edge Split Delete Contract Minor
F ′′bES11 = F
′′b
1 + (1, {5, 8}) {{1, 4}, {3, 7}} {{1, 3}, {3, 6}} F4
F ′′bES21 = F
′′b
1 + (1, {5, 11}) {{4, 9}} {{5, 8}, {6, 9}, {6, 11}} E22
F ′′bES31 = F
′′b
1 + (1, {7, 10}) {{1, 4}} {{2, 5}, {3, 6}, {10, 12}} E22
F ′′bES41 = F
′′b
1 + (1, {8, 10}) {{1, 4}} {{2, 5}, {3, 6}, {10, 12}} E22
F ′′bES51 = F
′′b
1 + (2, {3, 6}) {{4, 7}, {4, 8}} {{5, 8}, {9, 10}} F4
F ′′bES61 = F
′′b
1 + (2, {4, 8}) {{4, 7}} {{3, 6}, {5, 11}, {8, 10}} E22
F ′′bES71 = F
′′b
1 + (2, {4, 9}) {{4, 8}} {{5, 8}, {6, 11}, {9, 12}} F ′1
F ′′bES81 = F
′′b
1 + (2, {4, 11}) {{1, 4}, {2, 7}} {{1, 2}, {1, 3}} F4
F ′′bES91 = F
′′b
1 + (2, {6, 9}) {{1, 4}, {2, 7}} {{1, 2}, {2, 5}} F4
F ′′bES101 = F
′′b
1 + (2, {6, 11}) {{4, 8}} {{5, 8}, {5, 11}, {6, 12}} F ′1
F ′′bES111 = F
′′b
1 + (2, {8, 10}) {{4, 9}} {{6, 9}, {6, 11}, {10, 12}} F ′1
F ′′bES121 = F
′′b
1 + (2, {9, 10}) {{1, 2}, {4, 7}} {{1, 3}, {2, 5}} F4
F ′′bES131 = F
′′b
1 + (4, {2, 5}) {{4, 11}} {{3, 6}, {5, 11}} E′′5
F ′′bES141 = F
′′b
1 + (5, {1, 3}) {{4, 8}} {{3, 12}, {5, 8}, {9, 10}} F ′1
F ′′bES151 = F
′′b
1 + (5, {1, 4}) {{3, 7}, {4, 11}} {{1, 3}, {5, 11}} F4
F ′′bES161 = F
′′b
1 + (5, {3, 6}) {{4, 8}, {4, 9}} {{5, 8}, {6, 9}} F4
F ′′bES171 = F
′′b
1 + (5, {3, 7}) {{4, 7}} {{1, 2}, {3, 6}, {7, 10}} E22
F ′′bES181 = F
′′b
1 + (5, {4, 7}) {{3, 7}, {4, 8}} {{1, 3}, {5, 8}} F4
F ′′bES191 = F
′′b
1 + (5, {4, 9}) {{4, 8}, {4, 11}} {{5, 8}, {5, 11}} F4
Continued on next page
223
F ′′b1 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
F ′′bES201 = F
′′b
1 + (5, {6, 9}) {{1, 4}, {2, 7}} {{1, 2}, {1, 3}} F4
F ′′bES211 = F
′′b
1 + (5, {7, 10}) {{4, 9}, {4, 11}} {{5, 11}, {6, 9}} F4
F ′′bES221 = F
′′b
1 + (5, {9, 10}) {{1, 2}, {4, 7}} {{1, 3}, {2, 5}} F4
F ′′bES231 = F
′′b
1 + (7, {5, 8}) {{4, 9}} {{5, 11}, {6, 9}} E′′5
F ′′bES241 = F
′′b
1 + (7, {5, 11}) {{3, 7}, {4, 7}} {{1, 3}, {7, 10}} F4
F ′′bES251 = F
′′b
1 + (8, {1, 2}) {{3, 7}, {4, 8}} {{1, 3}, {8, 10}} F4
F ′′bES261 = F
′′b
1 + (8, {1, 3}) {{1, 4}} {{1, 2}, {3, 6}, {5, 11}} F ′1
F ′′bES271 = F
′′b
1 + (8, {2, 7}) {{4, 9}} {{1, 2}, {6, 9}, {6, 11}} E22
F ′′bES281 = F
′′b
1 + (8, {3, 6}) {{4, 8}, {4, 9}} {{5, 8}, {6, 9}} F4
F ′′bES291 = F
′′b
1 + (8, {3, 7}) {{4, 7}, {4, 8}} {{1, 4}, {5, 8}} F4
F ′′bES301 = F
′′b
1 + (8, {6, 9}) {{4, 7}, {4, 11}} {{3, 6}, {5, 11}} F4
F ′′bES311 = F
′′b
1 + (8, {6, 11}) {{1, 4}} {{1, 2}, {2, 5}, {3, 6}} F ′1
F ′′bES321 = F
′′b
1 + (10, {1, 2}) {{1, 4}} {{1, 3}, {2, 5}, {3, 6}} E22
F ′′bES331 = F
′′b
1 + (10, {1, 4}) {{4, 7}} {{1, 12}, {2, 5}, {3, 6}} E22
F ′′bES341 = F
′′b
1 + (10, {2, 5}) {{4, 9}} {{2, 12}, {6, 9}, {6, 11}} F ′1
F ′′bES351 = F
′′b
1 + (10, {4, 11}) {{4, 7}} {{2, 5}, {3, 6}, {11, 12}} E22
F ′′bES361 = F
′′b
1 + (10, {5, 11}) {{4, 7}} {{2, 5}, {3, 6}, {11, 12}} E22
F ′′bES371 = F
′′b
1 + (11, {1, 2}) {{4, 11}} {{1, 12}, {5, 8}, {6, 9}} E22
F ′′bES381 = F
′′b
1 + (11, {2, 7}) {{3, 7}, {4, 11}} {{1, 3}, {6, 11}} F4
F ′′bES391 = F
′′b
1 + (11, {7, 10}) {{4, 7}} {{2, 5}, {3, 6}, {10, 12}} E22
F ′′bES401 = F
′′b
1 + (11, {8, 10}) {{4, 7}} {{2, 5}, {3, 6}, {10, 12}} E22
F ′′b1 Triad Additions
Triad Addition Delete Contract Minor
F ′′bTA11 = F
′′b
1 + (1, 5, 6) {{4, 8}, {4, 9}} {{4, 11}, {5, 8}, {6, 9}} E22
F ′′bTA21 = F
′′b
1 + (1, 5, 9) {{4, 8}, {4, 9}} {{4, 11}, {5, 8}, {6, 9}} E22
F ′′bTA31 = F
′′b
1 + (1, 5, 10) {{1, 2}, {1, 4}} {{1, 3}, {2, 5}, {3, 6}} E22
F ′′bTA41 = F
′′b
1 + (1, 7, 8) {{2, 7}, {4, 9}} {{1, 2}, {6, 9}, {6, 11}} E22
F ′′bTA51 = F
′′b
1 + (1, 7, 11) {{4, 7}, {4, 11}} {{5, 8}, {6, 9}, {11, 12}} E22
F ′′bTA61 = F
′′b
1 + (1, 8, 9) {{4, 8}, {4, 9}} {{4, 11}, {5, 8}, {6, 9}} E22
F ′′bTA71 = F
′′b
1 + (1, 8, 11) {{4, 9}, {4, 11}} {{2, 5}, {6, 9}, {6, 11}} E22
F ′′bTA81 = F
′′b
1 + (1, 10, 11) {{1, 4}, {4, 11}} {{1, 12}, {5, 8}, {6, 9}} E22
F ′′bTA91 = F
′′b
1 + (2, 3, 8) {{3, 7}, {4, 8}} {{3, 6}, {5, 11}, {8, 10}} E22
F ′′bTA101 = F
′′b
1 + (2, 3, 10) {{1, 2}, {1, 3}} {{1, 4}, {2, 5}, {3, 6}} E22
F ′′bTA111 = F
′′b
1 + (2, 3, 11) {{4, 7}, {4, 8}} {{1, 4}, {5, 8}, {9, 10}} E22
F ′′bTA121 = F
′′b
1 + (2, 4, 6) {{1, 4}, {2, 7}, {4, 11}} {{1, 2}, {5, 11}} F4
F ′′bTA131 = F
′′b
1 + (2, 4, 10) {{4, 7}, {4, 8}} {{3, 6}, {5, 8}, {5, 11}} E22
F ′′bTA141 = F
′′b
1 + (2, 6, 8) {{3, 7}, {4, 8}} {{1, 3}, {5, 11}, {8, 10}} E22
F ′′bTA151 = F
′′b
1 + (2, 6, 10) {{1, 2}, {1, 3}} {{1, 4}, {2, 5}, {3, 6}} E22
F ′′bTA161 = F
′′b
1 + (2, 8, 9) {{2, 5}, {4, 8}, {4, 9}} {{5, 8}, {5, 11}} F4
F ′′bTA171 = F
′′b
1 + (2, 9, 11) {{2, 5}, {4, 8}, {4, 9}} {{5, 8}, {5, 11}} F4
Continued on next page
224
F ′′b1 Triad Additions – continued from previous page
Triad Addition Delete Contract Minor
F ′′bTA181 = F
′′b
1 + (2, 10, 11) {{3, 7}, {4, 11}} {{1, 3}, {5, 8}, {6, 11}} E22
F ′′bTA191 = F
′′b
1 + (5, 6, 7) {{2, 7}, {4, 7}} {{1, 2}, {1, 3}, {7, 10}} E22
F ′′bTA201 = F
′′b
1 + (5, 6, 10) {{1, 2}, {1, 3}} {{1, 4}, {2, 5}, {3, 6}} E22
F ′′bTA211 = F
′′b
1 + (5, 7, 9) {{4, 7}, {4, 9}} {{1, 4}, {6, 9}, {8, 10}} E22
F ′′bTA221 = F
′′b
1 + (7, 8, 11) {{4, 7}, {4, 8}, {5, 11}} {{1, 4}, {2, 5}} F4
F ′′bTA231 = F
′′b
1 + (8, 9, 11) {{1, 2}, {1, 3}} {{1, 4}, {2, 5}, {3, 6}} E22
F ′′b1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′bTE11 {{4, 11}, {4, 12}} {{11, 12}} F ′′TE11
F ′′c1 Vertex Splits
Vertex Split Delete Contract Minor
F ′′cVS11 = F
′′c
1 + (4→ {1, 8}) − {{3, 6}, {4, 11}, {8, 12}} F ′1
F ′′cVS21 = F
′′c
1 + (4→ {1, 9}) − − F
′′f
1
F ′′cVS31 = F
′′c
1 + (4→ {1, 11}) {{5, 11}} {{5, 8}, {7, 11}} F4
F ′′cVS41 = F
′′c
1 + (5→ {2, 6}) − {{2, 12}, {6, 9}, {8, 10}} F ′1
F ′′cVS51 = F
′′c
1 + (5→ {2, 8}) − {{1, 4}, {5, 11}} E′′5
F ′′c1 Edge Splits
Edge Split Delete Contract Minor
F ′′cES11 = F
′′c
1 + (1, {5, 6}) {{4, 8}} {{4, 11}, {5, 8}, {6, 9}} E22
F ′′cES21 = F
′′c
1 + (1, {5, 8}) {{1, 4}, {3, 7}} {{1, 3}, {7, 10}} F4
F ′′cES31 = F
′′c
1 + (1, {5, 11}) {{1, 4}, {3, 7}} {{1, 3}, {4, 11}} F4
F ′′cES41 = F
′′c
1 + (1, {6, 9}) {{2, 7}} {{1, 2}, {7, 11}, {9, 12}} F ′1
F ′′cES51 = F
′′c
1 + (1, {7, 10}) {{1, 3}, {7, 12}} {{1, 12}, {3, 6}} F4
F ′′cES61 = F
′′c
1 + (1, {7, 11}) {{1, 4}, {4, 8}} {{4, 9}, {5, 8}} F4
F ′′cES71 = F
′′c
1 + (1, {8, 10}) {{1, 4}} {{1, 12}, {3, 6}, {4, 9}} E22
F ′′cES81 = F
′′c
1 + (1, {9, 10}) {{1, 3}, {5, 8}} {{3, 6}, {4, 8}} F4
F ′′cES91 = F
′′c
1 + (2, {3, 6}) {{4, 11}, {5, 11}} {{6, 9}, {7, 11}} F4
F ′′cES101 = F
′′c
1 + (2, {4, 8}) {{5, 11}} {{3, 6}, {4, 11}, {8, 10}} E22
F ′′cES111 = F
′′c
1 + (2, {4, 9}) {{2, 5}} {{3, 6}, {8, 10}, {9, 12}} F ′1
F ′′cES121 = F
′′c
1 + (2, {4, 11}) {{2, 7}} {{1, 3}, {6, 9}, {7, 11}} F ′1
F ′′cES131 = F
′′c
1 + (2, {6, 9}) {{2, 7}, {5, 11}} {{3, 6}, {4, 11}} F4
F ′′cES141 = F
′′c
1 + (2, {8, 10}) {{2, 7}} {{1, 2}, {7, 11}, {9, 10}} F ′1
F ′′cES151 = F
′′c
1 + (2, {9, 10}) {{2, 5}} {{1, 2}, {3, 6}, {8, 10}} F ′1
F ′′cES161 = F
′′c
1 + (3, {2, 5}) {{4, 8}, {7, 11}} {{4, 11}, {5, 8}} F4
F ′′cES171 = F
′′c
1 + (3, {4, 8}) {{3, 7}, {5, 6}} {{3, 6}, {5, 8}} F4
F ′′cES181 = F
′′c
1 + (3, {4, 9}) {{2, 7}} {{1, 2}, {7, 11}, {9, 10}} E22
F ′′cES191 = F
′′c
1 + (3, {4, 11}) {{3, 7}, {4, 8}} {{4, 9}, {5, 8}} F4
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F ′′c1 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
F ′′cES201 = F
′′c
1 + (3, {5, 8}) {{1, 4}, {3, 7}} {{1, 2}, {7, 10}} F4
F ′′cES211 = F
′′c
1 + (3, {5, 11}) {{1, 4}, {3, 7}} {{1, 2}, {4, 11}} F4
F ′′cES221 = F
′′c
1 + (3, {8, 10}) {{2, 7}, {4, 9}} {{1, 2}, {6, 9}} F4
F ′′cES231 = F
′′c
1 + (3, {9, 10}) {{3, 7}, {4, 8}} {{1, 3}, {5, 8}} F4
F ′′cES241 = F
′′c
1 + (4, {2, 5}) {{3, 7}} {{1, 3}, {7, 11}} E′′5
F ′′cES251 = F
′′c
1 + (4, {2, 7}) {{4, 11}} {{1, 3}, {5, 11}, {6, 9}} F ′1
F ′′cES261 = F
′′c
1 + (4, {3, 6}) {{2, 7}} {{1, 2}, {7, 11}} E′′5
F ′′cES271 = F
′′c
1 + (4, {3, 7}) {{4, 8}, {5, 6}} {{3, 6}, {5, 8}} F4
F ′′cES281 = F
′′c
1 + (4, {5, 6}) {{3, 7}, {4, 8}} {{1, 3}, {5, 8}} F4
F ′′cES291 = F
′′c
1 + (4, {7, 10}) {{2, 7}, {4, 11}} {{1, 2}, {5, 11}} F4
F ′′cES301 = F
′′c
1 + (5, {1, 3}) {{5, 11}} {{3, 12}, {4, 11}, {6, 9}} F ′1
F ′′cES311 = F
′′c
1 + (5, {1, 4}) {{3, 7}, {5, 11}} {{1, 3}, {4, 11}} F4
F ′′cES321 = F
′′c
1 + (5, {3, 7}) {{2, 7}, {5, 11}} {{1, 2}, {4, 11}} F4
F ′′cES331 = F
′′c
1 + (6, {1, 2}) {{4, 8}, {5, 6}} {{1, 4}, {5, 8}} F4
F ′′cES341 = F
′′c
1 + (6, {1, 4}) {{2, 7}, {5, 11}} {{1, 2}, {4, 11}} F4
F ′′cES351 = F
′′c
1 + (6, {2, 7}) {{3, 7}, {5, 11}} {{1, 3}, {4, 11}} F4
F ′′cES361 = F
′′c
1 + (6, {4, 11}) {{3, 7}, {5, 6}} {{1, 3}, {7, 10}} F4
F ′′cES371 = F
′′c
1 + (11, {1, 2}) {{1, 4}, {5, 11}} {{1, 3}, {5, 8}} F4
F ′′cES381 = F
′′c
1 + (11, {1, 3}) {{1, 4}, {5, 11}} {{1, 2}, {5, 8}} F4
F ′′cES391 = F
′′c
1 + (11, {3, 6}) {{1, 2}} {{1, 3}, {2, 5}, {6, 9}} F ′1
F ′′c1 Triad Additions
Triad Addition Delete Contract Minor
F ′′cTA11 = F
′′c
1 + (1, 5, 9) {{4, 8}, {5, 6}} {{3, 6}, {4, 11}, {5, 8}} E22
F ′′cTA21 = F
′′c
1 + (1, 5, 10) {{1, 3}, {5, 12}, {7, 10}} {{1, 12}, {3, 6}} F4
F ′′cTA31 = F
′′c
1 + (1, 6, 8) {{2, 7}, {4, 9}} {{1, 2}, {6, 9}, {7, 11}} E22
F ′′cTA41 = F
′′c
1 + (1, 6, 10) {{1, 3}, {2, 7}, {5, 6}} {{1, 2}, {3, 6}} F4
F ′′cTA51 = F
′′c
1 + (1, 6, 11) {{4, 11}, {5, 6}} {{5, 8}, {6, 9}, {11, 12}} E22
F ′′cTA61 = F
′′c
1 + (1, 7, 8) {{2, 7}, {4, 11}} {{1, 2}, {5, 11}, {6, 9}} E22
F ′′cTA71 = F
′′c
1 + (1, 7, 9) {{3, 7}, {4, 8}} {{1, 3}, {4, 11}, {5, 8}} E22
F ′′cTA81 = F
′′c
1 + (1, 8, 9) {{2, 7}, {4, 9}} {{1, 2}, {6, 9}, {7, 11}} E22
F ′′cTA91 = F
′′c
1 + (1, 8, 11) {{2, 7}, {4, 11}} {{1, 2}, {6, 9}, {7, 11}} E22
F ′′cTA101 = F
′′c
1 + (1, 9, 11) {{3, 7}, {5, 11}} {{1, 3}, {5, 8}, {7, 11}} E22
F ′′cTA111 = F
′′c
1 + (1, 10, 11) {{1, 3}, {4, 11}, {7, 10}} {{1, 4}, {3, 6}} F4
F ′′cTA121 = F
′′c
1 + (2, 3, 8) {{3, 7}, {4, 8}} {{3, 6}, {4, 11}, {8, 10}} E22
F ′′cTA131 = F
′′c
1 + (2, 3, 9) {{1, 2}, {3, 7}, {4, 8}} {{1, 3}, {5, 8}} F4
F ′′cTA141 = F
′′c
1 + (2, 3, 11) {{1, 2}, {1, 3}, {5, 11}} {{1, 4}, {5, 8}} F4
F ′′cTA151 = F
′′c
1 + (2, 4, 6) {{1, 2}, {4, 8}, {5, 6}} {{1, 3}, {5, 8}} F4
F ′′cTA161 = F
′′c
1 + (2, 6, 8) {{2, 7}, {4, 9}} {{1, 2}, {6, 9}, {7, 11}} E22
F ′′cTA171 = F
′′c
1 + (2, 6, 11) {{1, 2}, {3, 6}, {7, 11}} {{1, 3}, {1, 4}} F4
F ′′cTA181 = F
′′c
1 + (2, 8, 11) {{2, 7}, {4, 11}} {{1, 2}, {6, 9}, {7, 11}} E22
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F ′′c1 Triad Additions – continued from previous page
Triad Addition Delete Contract Minor
F ′′cTA191 = F
′′c
1 + (2, 9, 11) {{1, 2}, {3, 6}} {{1, 3}, {1, 4}, {5, 6}} F ′1
F ′′cTA201 = F
′′c
1 + (3, 4, 5) {{1, 4}, {3, 7}, {5, 11}} {{1, 2}, {4, 11}} F4
F ′′cTA211 = F
′′c
1 + (3, 9, 11) {{3, 7}, {5, 11}} {{1, 3}, {5, 8}, {7, 11}} E22
F ′′cTA221 = F
′′c
1 + (4, 6, 7) {{2, 7}, {4, 9}, {5, 6}} {{1, 2}, {6, 9}} F4
F ′′d1 Edge Splits
Edge Split Delete Contract Minor
F ′′dES11 = F
′′d
1 + (1, {4, 9}) {{1, 3}} {{1, 2}, {3, 6}, {8, 10}} F4
F ′′dES21 = F
′′d
1 + (1, {4, 12}) − {{3, 6}, {4, 9}, {5, 8}, {7, 12}} E22
F ′′dES31 = F
′′d
1 + (1, {9, 10}) − {{2, 5}, {3, 6}, {4, 9}, {10, 13}} F ′1
F ′′dES41 = F
′′d
1 + (3, {2, 5}) {{3, 6}} {{2, 12}, {5, 6}, {8, 11}} F4
F ′′dES51 = F
′′d
1 + (3, {4, 9}) − {{2, 5}, {4, 11}, {7, 12}, {9, 10}} E22
F ′′dES61 = F
′′d
1 + (3, {4, 11}) − {{2, 12}, {4, 13}, {5, 8}, {7, 10}} F ′1
F ′′dES71 = F
′′d
1 + (3, {4, 12}) {{1, 11}} {{1, 2}, {4, 11}, {5, 8}} F4
F ′′dES81 = F
′′d
1 + (3, {9, 10}) − {{4, 9}, {5, 6}, {7, 12}, {8, 11}} F ′1
F ′′d1 Triad Additions
Triad Addition Delete Contract Minor
F ′′dTA11 = F
′′d
1 + (1, 4, 5) {{2, 5}} {{1, 2}, {5, 6}, {7, 10}, {8, 11}} E22
F ′′dTA21 = F
′′d
1 + (1, 4, 6) {{1, 3}} {{1, 2}, {3, 6}, {7, 12}, {8, 10}} E22
F ′′dTA31 = F
′′d
1 + (1, 4, 7) {{4, 12}} {{2, 12}, {3, 6}, {4, 9}, {5, 8}} E22
F ′′dTA41 = F
′′d
1 + (1, 4, 10) {{4, 11}} {{1, 11}, {3, 7}, {4, 12}, {5, 6}} E22
F ′′dTA51 = F
′′d
1 + (3, 4, 5) {{1, 11}, {3, 7}} {{1, 2}, {4, 11}, {7, 10}} F4
F ′′dTA61 = F
′′d
1 + (3, 5, 11) {{1, 3}, {4, 11}} {{1, 2}, {3, 7}, {4, 9}} F4
F ′′d1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′dTE11 {{1, 2}, {1, 13}, {2, 7}, {3, 7}, {{1, 11}, {2, 5}, {4, 12}, {3, 13}} F ′1
{4, 9}, {4, 11}, {5, 8}}
F ′′dTE21 {{9, 10}} {{7, 10}} F ′′dTE41
F ′′dTE31 {{8, 10}} {{7, 10}} F ′′dTE21
F ′′dTE41 {{7, 10}} {{3, 7}} F ′′dTE11
F ′′dTE51 − {{4, 12}} F ′′aTE51
F ′′dTE61 {{2, 12}, {5, 8}} {{2, 5}} F ′′dTE81
F ′′dTE71 {{1, 3}} {{1, 6}, {3, 6}} F ′′dTE31
F ′′dTE81 − {{5, 8}} F ′′aTE31
F ′′dTE91 − {{5, 6}} F ′′aTE41
F ′′dTE101 − {{4, 12}} F ′′aTE11
F ′′dTE111 − {{7, 12}} F ′′aTE21
F ′′dTE121 {{4, 9}} {{4, 11}} F ′′dTE21
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Theta Extension Delete Contract Minor
F ′′dTE131 − {{5, 8}} F ′′aTE91
F ′′dTE141 − {{4, 11}} F ′′aTE81
F ′′dTE151 {{4, 9}} {{4, 12}} F ′′dTE41
F ′′dTE161 − {{4, 12}} F ′′aTE61
F ′′dTE171 {{1, 2}} {{1, 14}} F ′′dTE181
F ′′dTE181 {{1, 2}, {2, 7}, {4, 9}, {4, 11}, {{1, 11}, {3, 7}, {4, 12}, {5, 6}} F ′1
{5, 9}, {6, 13}, {7, 10}, {10, 11}}
F ′′dTE191 {{1, 2}} {{1, 14}} F ′′dTE11
F ′′d1 Handcuff Extensions
Handcuff Extension Delete Contract Minor
F ′′dHE11 − − F ′′dTE111
F ′′dHE21 − − F ′′dTE31
F ′′dHE31 − − F ′′dTE71
F ′′dHE41 − − F ′′dTE121
F ′′e1 Edge Splits
Edge Split Delete Contract Minor
F ′′eES11 = F
′′e
1 + (1, {4, 7}) − {{3, 6}, {4, 9}, {5, 8}, {7, 12}} E22
F ′′eES21 = F
′′e
1 + (1, {4, 9}) {{1, 2}} {{1, 3}, {2, 5}, {9, 10}} F4
F ′′eES31 = F
′′e
1 + (1, {5, 6}) − {{4, 11}, {5, 8}, {6, 9}, {7, 12}} E22
F ′′eES41 = F
′′e
1 + (1, {6, 9}) {{1, 11}} {{1, 2}, {4, 7}, {4, 11}} F4
F ′′eES51 = F
′′e
1 + (1, {9, 10}) − {{2, 5}, {4, 7}, {8, 11}, {9, 13}} F ′1
F ′′eES61 = F
′′e
1 + (6, {1, 2}) − {{1, 13}, {3, 7}, {8, 11}, {10, 12}} F ′1
F ′′eES71 = F
′′e
1 + (6, {1, 11}) − {{1, 2}, {4, 7}, {8, 10}, {11, 13}} E22
F ′′e1 Triad Additions
Triad Addition Delete Contract Minor
F ′′eTA11 = F
′′e
1 + (1, 4, 5) {{1, 11}} {{1, 3}, {4, 11}, {6, 9}, {10, 12}} E22
F ′′eTA21 = F
′′e
1 + (1, 4, 6) {{1, 3}} {{1, 2}, {3, 6}, {7, 12}, {8, 10}} E22
F ′′eTA31 = F
′′e
1 + (1, 5, 7) {{1, 2}} {{1, 11}, {2, 5}, {3, 6}, {9, 10}} E22
F ′′eTA41 = F
′′e
1 + (1, 6, 10) {{1, 11}} {{1, 2}, {4, 7}, {4, 11}, {5, 8}} E22
F ′′eTA51 = F
′′e
1 + (1, 6, 12) {{2, 12}} {{1, 2}, {4, 7}, {8, 10}, {12, 13}} E22
F ′′eTA61 = F
′′e
1 + (6, 11, 12) {{6, 13}} {{1, 3}, {4, 9}, {5, 8}, {11, 13}} E22
F ′′e1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′eTE11 {{10, 12}} {{2, 12}} F ′′eTE41
F ′′eTE21 {{3, 7}} {{3, 14}} F ′′eTE131
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Theta Extension Delete Contract Minor
F ′′eTE31 {{2, 12}} {{12, 17}, {2, 17}} F ′′eTE61
F ′′eTE41 − {{6, 9}} F ′′aTE71
F ′′eTE51 {{5, 8}} {{2, 5}} F ′′eTE11
F ′′eTE61 {{3, 6}} {{3, 16}} F ′′eTE111
F ′′eTE71 {{4, 7}} {{3, 7}} F ′′eTE51
F ′′eTE81 − {{10, 12}} F ′′aTE41
F ′′eTE91 {{2, 12}, {5, 6}} {{2, 5}} F ′′eTE141
F ′′eTE101 − {{7, 12}} F ′′aTE11
F ′′eTE111 − {{7, 12}} F ′′aTE21
F ′′eTE121 − {{7, 12}} F ′′aTE31
F ′′eTE131 {{1, 5}, {1, 11}, {2, 7}, {3, 5}, {{1, 2}, {3, 6}, {4, 9}, {11, 13}} F ′1
{4, 7}, {4, 8}, {6, 9}, {7, 13}}
F ′′eTE141 − {{6, 9}} F ′′aTE61
F ′′eTE151 − {{7, 12}} F ′′aTE51
F ′′eTE161 − {{2, 12}} F ′′aTE91
F ′′e1 Handcuff Extensions
Handcuff Extension Delete Contract Minor
F ′′eHE11 − − F ′′eTE111
F ′′eHE21 − − F ′′eTE71
F ′′eHE31 − − F ′′eTE61
F ′′eHE41 − − F ′′eTE31
F ′′f1 Vertex Splits
Vertex Split Delete Contract Minor
F ′′fVS11 = F
′′f
1 + (6→ {3, 5}) {{3, 7}} {{1, 3}, {1, 11}, {7, 12}} F4
F ′′fVS21 = F
′′f
1 + (6→ {3, 9}) − {{1, 11}, {3, 13}, {6, 12}, {8, 10}} F ′1
F ′′fVS31 = F
′′f
1 + (6→ {3, 12}) − {{1, 3}, {2, 5}, {4, 11}, {6, 9}} F ′1
F ′′f1 Edge Splits
Edge Split Delete Contract Minor
F ′′fES11 = F
′′f
1 + (1, {4, 9}) {{1, 2}, {6, 9}} {{2, 5}, {8, 11}, {9, 10}} F4
F ′′fES21 = F
′′f
1 + (1, {4, 12}) {{3, 7}} {{1, 3}, {4, 9}, {5, 8}, {7, 12}} E22
F ′′fES31 = F
′′f
1 + (1, {5, 6}) {{4, 9}} {{4, 11}, {4, 12}, {5, 8}, {6, 9}} E22
F ′′fES41 = F
′′f
1 + (1, {5, 8}) {{3, 7}, {6, 12}} {{1, 3}, {4, 12}, {8, 10}} F4
F ′′fES51 = F
′′f
1 + (1, {6, 9}) {{1, 2}, {7, 10}} {{1, 11}, {2, 5}, {8, 10}} F4
F ′′fES61 = F
′′f
1 + (1, {6, 12}) {{1, 3}} {{1, 2}, {3, 6}, {4, 12}, {8, 10}} E22
F ′′fES71 = F
′′f
1 + (1, {7, 10}) {{1, 2}, {6, 9}} {{1, 11}, {2, 5}, {4, 9}} F4
F ′′fES81 = F
′′f
1 + (1, {7, 12}) {{6, 9}} {{3, 6}, {4, 9}, {4, 12}, {5, 8}} E22
F ′′fES91 = F
′′f
1 + (1, {8, 10}) {{1, 2}, {6, 9}} {{2, 5}, {4, 9}, {4, 11}} F4
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Edge Split Delete Contract Minor
F ′′fES101 = F
′′f
1 + (1, {9, 10}) {{1, 11}} {{1, 13}, {2, 5}, {4, 11}, {8, 11}} E22
F ′′fES111 = F
′′f
1 + (2, {3, 6}) {{4, 9}, {7, 12}} {{4, 11}, {4, 12}, {6, 9}} F4
F ′′fES121 = F
′′f
1 + (2, {4, 9}) {{2, 7}, {5, 6}} {{2, 5}, {4, 11}, {6, 9}} F4
F ′′fES131 = F
′′f
1 + (2, {4, 11}) {{2, 7}, {3, 6}} {{1, 3}, {2, 5}, {7, 12}} F4
F ′′fES141 = F
′′f
1 + (2, {4, 12}) {{2, 7}, {4, 9}} {{4, 11}, {6, 9}, {8, 11}} F4
F ′′fES151 = F
′′f
1 + (2, {6, 9}) {{1, 11}, {2, 7}} {{1, 2}, {4, 11}, {7, 10}} F4
F ′′fES161 = F
′′f
1 + (2, {6, 12}) {{1, 3}} {{1, 2}, {3, 6}, {4, 12}, {8, 10}} E22
F ′′fES171 = F
′′f
1 + (2, {8, 10}) {{1, 3}, {3, 6}} {{1, 2}, {3, 7}, {9, 10}} F4
F ′′fES181 = F
′′f
1 + (2, {8, 11}) {{3, 7}} {{1, 3}, {4, 11}, {7, 12}, {8, 10}} E22
F ′′fES191 = F
′′f
1 + (2, {9, 10}) {{1, 2}, {3, 7}} {{1, 3}, {1, 11}, {8, 10}} F4
F ′′fES201 = F
′′f
1 + (3, {2, 5}) {{3, 7}, {5, 6}} {{1, 11}, {5, 8}, {7, 12}} F4
F ′′fES211 = F
′′f
1 + (3, {4, 9}) {{3, 7}} {{1, 2}, {4, 13}, {7, 12}, {8, 10}} E22
F ′′fES221 = F
′′f
1 + (3, {4, 11}) {{3, 7}} {{1, 2}, {4, 13}, {7, 12}, {8, 10}} E22
F ′′fES231 = F
′′f
1 + (3, {4, 12}) {{3, 7}} {{1, 2}, {4, 13}, {7, 12}, {8, 10}} E22
F ′′fES241 = F
′′f
1 + (3, {5, 8}) {{2, 7}, {3, 6}} {{1, 2}, {1, 11}, {7, 12}} F4
F ′′fES251 = F
′′f
1 + (3, {8, 10}) {{2, 7}, {3, 6}} {{1, 2}, {1, 3}, {9, 10}} F4
F ′′fES261 = F
′′f
1 + (3, {8, 11}) {{2, 7}, {3, 6}} {{1, 2}, {2, 5}, {7, 12}} F4
F ′′fES271 = F
′′f
1 + (3, {9, 10}) {{3, 7}} {{1, 3}, {4, 9}, {7, 12}, {8, 11}} F ′1
F ′′fES281 = F
′′f
1 + (5, {1, 3}) {{3, 7}, {5, 6}} {{1, 11}, {3, 6}, {7, 12}} F4
F ′′fES291 = F
′′f
1 + (5, {1, 11}) {{3, 7}, {6, 12}} {{1, 3}, {4, 11}, {4, 12}} F4
F ′′fES301 = F
′′f
1 + (5, {3, 7}) {{2, 7}, {6, 12}} {{1, 2}, {4, 11}, {4, 12}} F4
F ′′fES311 = F
′′f
1 + (5, {4, 9}) {{2, 7}, {5, 6}} {{1, 2}, {4, 11}, {6, 9}} F4
F ′′fES321 = F
′′f
1 + (5, {4, 11}) {{1, 3}, {3, 6}} {{1, 2}, {3, 7}, {7, 12}} F4
F ′′fES331 = F
′′f
1 + (5, {4, 12}) {{5, 6}} {{1, 11}, {5, 13}, {6, 9}, {8, 10}} E22
F ′′fES341 = F
′′f
1 + (5, {7, 10}) {{3, 7}} {{1, 3}, {1, 11}, {7, 12}, {9, 10}} E22
F ′′fES351 = F
′′f
1 + (5, {7, 12}) {{3, 7}, {5, 6}} {{1, 3}, {3, 6}, {5, 8}} F4
F ′′fES361 = F
′′f
1 + (5, {9, 10}) {{3, 7}, {5, 6}} {{1, 3}, {2, 5}, {4, 11}} F4
F ′′fES371 = F
′′f
1 + (6, {1, 2}) {{3, 6}} {{1, 3}, {1, 11}, {5, 8}, {9, 10}} F ′1
F ′′fES381 = F
′′f
1 + (6, {1, 11}) {{2, 7}, {6, 12}} {{1, 2}, {4, 11}, {4, 12}} F4
F ′′fES391 = F
′′f
1 + (6, {2, 7}) {{3, 7}, {6, 12}} {{1, 3}, {4, 11}, {4, 12}} F4
F ′′fES401 = F
′′f
1 + (6, {4, 11}) {{1, 2}, {3, 6}} {{1, 3}, {1, 11}, {2, 5}} F4
F ′′fES411 = F
′′f
1 + (6, {7, 10}) {{6, 12}, {8, 11}} {{1, 11}, {4, 12}, {5, 8}} F4
F ′′fES421 = F
′′f
1 + (6, {8, 10}) {{6, 12}} {{2, 5}, {4, 11}, {4, 12}, {8, 13}} F ′1
F ′′fES431 = F
′′f
1 + (6, {8, 11}) {{4, 9}, {6, 12}} {{4, 11}, {4, 12}, {6, 9}} F4
F ′′fES441 = F
′′f
1 + (8, {1, 2}) {{3, 7}, {8, 11}} {{1, 3}, {1, 11}, {2, 7}} F4
F ′′fES451 = F
′′f
1 + (8, {1, 3}) {{2, 7}, {3, 6}} {{1, 2}, {3, 7}, {7, 12}} F4
F ′′fES461 = F
′′f
1 + (8, {2, 7}) {{4, 9}} {{1, 2}, {4, 11}, {4, 12}, {6, 9}} E22
F ′′fES471 = F
′′f
1 + (8, {3, 6}) {{2, 7}, {6, 13}} {{1, 2}, {7, 12}, {8, 13}} F4
F ′′fES481 = F
′′f
1 + (8, {3, 7}) {{1, 2}, {8, 11}} {{1, 3}, {1, 11}, {2, 5}} F4
F ′′fES491 = F
′′f
1 + (11, {2, 5}) {{3, 7}} {{1, 3}, {5, 13}, {7, 12}, {8, 10}} F ′1
F ′′fES501 = F
′′f
1 + (11, {2, 7}) {{3, 7}, {5, 6}} {{1, 3}, {2, 5}, {7, 12}} F4
F ′′fES511 = F
′′f
1 + (11, {3, 6}) {{2, 7}} {{1, 2}, {2, 5}, {7, 12}, {8, 10}} F ′1
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Edge Split Delete Contract Minor
F ′′fES521 = F
′′f
1 + (11, {3, 7}) {{1, 11}} {{1, 2}, {5, 8}, {9, 10}, {11, 13}} F ′1
F ′′fES531 = F
′′f
1 + (11, {5, 6}) {{1, 3}, {3, 6}} {{1, 2}, {3, 7}, {7, 12}} F4
F ′′f1 Triad Additions
Triad Addition Delete Contract Minor
F ′′fTA11 = F
′′f
1 + (1, 4, 5) {{1, 2}, {2, 5}, {4, 9}} {{2, 7}, {6, 9}, {8, 11}} F4
F ′′fTA21 = F
′′f
1 + (1, 4, 6) {{1, 3}, {3, 6}} {{1, 2}, {3, 7}, {7, 12}, {8, 10}} E22
F ′′fTA31 = F
′′f
1 + (1, 5, 9) {{1, 3}, {3, 6}} {{1, 11}, {3, 7}, {7, 12}, {8, 10}} E22
F ′′fTA41 = F
′′f
1 + (1, 5, 10) {{1, 2}, {3, 7}, {5, 6}} {{1, 3}, {2, 5}, {3, 6}} F4
F ′′fTA51 = F
′′f
1 + (1, 5, 12) {{1, 2}, {3, 6}} {{1, 3}, {1, 11}, {2, 5}, {9, 10}} E22
F ′′fTA61 = F
′′f
1 + (1, 6, 8) {{4, 9}, {5, 6}} {{2, 5}, {4, 11}, {4, 12}, {6, 9}} E22
F ′′fTA71 = F
′′f
1 + (1, 6, 10) {{6, 12}, {7, 10}} {{2, 5}, {4, 12}, {7, 12}, {8, 10}} E22
F ′′fTA81 = F
′′f
1 + (1, 7, 8) {{2, 7}, {4, 9}} {{1, 2}, {4, 11}, {4, 12}, {6, 9}} E22
F ′′fTA91 = F
′′f
1 + (1, 7, 9) {{3, 7}, {4, 12}} {{1, 3}, {4, 9}, {5, 8}, {6, 12}} E22
F ′′fTA101 = F
′′f
1 + (1, 8, 9) {{3, 7}, {5, 6}} {{1, 3}, {2, 5}, {4, 11}, {7, 12}} E22
F ′′fTA111 = F
′′f
1 + (1, 8, 12) {{2, 7}, {6, 12}} {{1, 2}, {4, 11}, {6, 9}, {7, 12}} E22
F ′′fTA121 = F
′′f
1 + (1, 9, 12) {{3, 7}, {4, 12}} {{1, 3}, {4, 9}, {5, 8}, {7, 12}} E22
F ′′fTA131 = F
′′f
1 + (1, 10, 12) {{1, 3}, {6, 12}} {{1, 13}, {3, 6}, {4, 9}, {5, 8}} E22
F ′′fTA141 = F
′′f
1 + (2, 3, 8) {{1, 2}, {3, 7}, {8, 11}} {{1, 3}, {1, 11}, {2, 7}} F4
F ′′fTA151 = F
′′f
1 + (2, 3, 9) {{2, 7}, {4, 9}} {{2, 5}, {4, 11}, {4, 12}, {9, 10}} E22
F ′′fTA161 = F
′′f
1 + (2, 3, 10) {{2, 7}, {4, 9}} {{2, 5}, {4, 11}, {4, 12}, {6, 9}} E22
F ′′fTA171 = F
′′f
1 + (2, 3, 12) {{1, 2}, {3, 6}} {{1, 3}, {1, 11}, {2, 5}, {9, 10}} E22
F ′′fTA181 = F
′′f
1 + (2, 6, 10) {{3, 7}, {5, 6}} {{1, 3}, {2, 5}, {4, 11}, {7, 12}} E22
F ′′fTA191 = F
′′f
1 + (2, 6, 11) {{1, 11}, {2, 7}, {6, 12}} {{1, 2}, {4, 11}, {4, 12}} F4
F ′′fTA201 = F
′′f
1 + (2, 8, 9) {{1, 2}, {3, 7}, {9, 10}} {{1, 3}, {1, 11}, {7, 10}} F4
F ′′fTA211 = F
′′f
1 + (2, 8, 12) {{2, 7}, {6, 12}} {{1, 2}, {4, 11}, {6, 9}, {7, 12}} E22
F ′′fTA221 = F
′′f
1 + (2, 9, 11) {{2, 7}, {3, 6}} {{1, 3}, {2, 5}, {7, 12}, {8, 10}} E22
F ′′fTA231 = F
′′f
1 + (2, 10, 11) {{3, 7}, {4, 12}} {{1, 3}, {4, 9}, {5, 8}, {6, 12}} E22
F ′′fTA241 = F
′′f
1 + (2, 10, 12) {{1, 2}, {6, 9}} {{1, 3}, {1, 11}, {2, 5}, {4, 9}} E22
F ′′fTA251 = F
′′f
1 + (2, 11, 12) {{1, 2}, {3, 6}} {{1, 3}, {1, 11}, {2, 5}, {9, 10}} E22
F ′′fTA261 = F
′′f
1 + (3, 5, 10) {{2, 7}, {4, 9}} {{1, 2}, {4, 11}, {4, 12}, {6, 9}} E22
F ′′fTA271 = F
′′f
1 + (3, 5, 11) {{1, 3}, {3, 7}, {5, 6}} {{1, 2}, {3, 6}, {7, 12}} F4
F ′′fTA281 = F
′′f
1 + (3, 5, 12) {{1, 2}, {3, 6}} {{1, 3}, {1, 11}, {2, 5}, {9, 10}} E22
F ′′fTA291 = F
′′f
1 + (3, 8, 12) {{2, 7}, {3, 6}, {3, 7}} {{1, 2}, {1, 3}, {7, 10}} F4
F ′′fTA301 = F
′′f
1 + (3, 10, 11) {{4, 9}, {6, 12}} {{2, 5}, {4, 11}, {4, 12}, {6, 9}} E22
F ′′fTA311 = F
′′f
1 + (3, 11, 12) {{1, 3}, {2, 5}} {{1, 2}, {1, 11}, {4, 9}, {5, 6}} F ′1
F ′′fTA321 = F
′′f
1 + (5, 7, 11) {{2, 7}, {3, 7}, {5, 6}} {{1, 2}, {1, 3}, {7, 12}} F4
F ′′fTA331 = F
′′f
1 + (6, 7, 8) {{3, 7}, {5, 6}, {8, 11}} {{1, 3}, {1, 11}, {2, 5}} F4
F ′′fTA341 = F
′′f
1 + (6, 7, 11) {{3, 7}, {6, 13}} {{1, 3}, {5, 8}, {7, 13}, {9, 10}} F ′1
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F ′′f1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′fTE11 {{3, 7}} {{3, 6}} F ′′aTE61
F ′′g1 Edge Splits
Edge Split Delete Contract Minor
F ′′gES11 = F
′′g
1 + (1, {4, 7}) {{3, 7}} {{1, 3}, {4, 9}, {5, 8}, {6, 12}} E22
F ′′gES21 = F
′′g
1 + (1, {4, 9}) {{2, 7}} {{1, 2}, {4, 11}, {5, 12}, {9, 13}} F ′1
F ′′gES31 = F
′′g
1 + (1, {5, 8}) {{3, 7}, {7, 12}} {{1, 3}, {5, 12}, {8, 10}} F4
F ′′gES41 = F
′′g
1 + (1, {5, 12}) {{4, 7}} {{4, 9}, {5, 8}, {6, 9}, {12, 13}} E22
F ′′gES51 = F
′′g
1 + (1, {6, 9}) {{2, 7}, {7, 12}} {{1, 2}, {5, 12}, {8, 10}} F4
F ′′gES61 = F
′′g
1 + (1, {6, 12}) {{4, 7}} {{4, 9}, {5, 8}, {6, 9}, {12, 13}} E22
F ′′gES71 = F
′′g
1 + (1, {7, 10}) {{4, 7}} {{4, 9}, {5, 8}, {6, 9}, {10, 13}} E22
F ′′gES81 = F
′′g
1 + (1, {7, 12}) {{4, 7}} {{4, 9}, {5, 8}, {6, 9}, {12, 13}} E22
F ′′gES91 = F
′′g
1 + (1, {8, 10}) {{4, 7}} {{4, 9}, {5, 8}, {6, 9}, {10, 13}} E22
F ′′gES101 = F
′′g
1 + (1, {9, 10}) {{4, 7}} {{4, 9}, {5, 8}, {6, 9}, {10, 13}} E22
F ′′gES111 = F
′′g
1 + (2, {3, 6}) {{4, 7}, {7, 12}} {{4, 9}, {5, 12}, {6, 9}} F4
F ′′gES121 = F
′′g
1 + (2, {4, 9}) {{2, 7}, {4, 7}} {{2, 5}, {4, 11}, {6, 9}} F4
F ′′gES131 = F
′′g
1 + (2, {4, 11}) {{2, 7}, {3, 6}} {{1, 3}, {2, 5}, {6, 9}} F4
F ′′gES141 = F
′′g
1 + (2, {6, 9}) {{2, 7}, {3, 7}} {{1, 3}, {2, 5}, {4, 11}} F4
F ′′gES151 = F
′′g
1 + (2, {8, 11}) {{3, 7}} {{1, 3}, {4, 11}, {6, 12}, {8, 10}} E22
F ′′gES161 = F
′′g
1 + (3, {2, 5}) {{3, 7}} {{1, 11}, {5, 13}, {6, 9}, {8, 10}} E22
F ′′gES171 = F
′′g
1 + (3, {4, 9}) {{2, 7}} {{1, 2}, {4, 11}, {5, 12}, {9, 10}} E22
F ′′gES181 = F
′′g
1 + (3, {4, 11}) {{3, 7}} {{1, 2}, {4, 13}, {6, 12}, {8, 10}} E22
F ′′gES191 = F
′′g
1 + (3, {5, 8}) {{3, 7}} {{1, 11}, {5, 13}, {6, 9}, {8, 10}} E22
F ′′gES201 = F
′′g
1 + (3, {5, 12}) {{3, 7}} {{1, 11}, {5, 13}, {6, 9}, {8, 10}} E22
F ′′gES211 = F
′′g
1 + (3, {8, 10}) {{2, 7}, {3, 6}} {{1, 2}, {6, 9}, {8, 13}} F4
F ′′gES221 = F
′′g
1 + (3, {8, 11}) {{2, 7}, {3, 6}} {{1, 2}, {2, 5}, {6, 9}} F4
F ′′gES231 = F
′′g
1 + (3, {9, 10}) {{3, 7}, {4, 7}} {{1, 3}, {4, 9}, {5, 8}} F4
F ′′gES241 = F
′′g
1 + (4, {1, 2}) {{2, 7}, {4, 7}} {{2, 5}, {6, 9}, {8, 11}} F4
F ′′gES251 = F
′′g
1 + (4, {1, 3}) {{3, 7}} {{1, 2}, {3, 6}, {6, 12}, {8, 10}} E22
F ′′gES261 = F
′′g
1 + (4, {2, 5}) {{4, 7}} {{1, 11}, {5, 13}, {6, 9}, {8, 10}} E22
F ′′gES271 = F
′′g
1 + (4, {3, 6}) {{2, 7}} {{1, 2}, {1, 3}, {6, 12}, {8, 10}} E22
F ′′gES281 = F
′′g
1 + (4, {5, 8}) {{4, 7}} {{1, 11}, {5, 13}, {6, 9}, {8, 10}} E22
F ′′gES291 = F
′′g
1 + (4, {5, 12}) {{4, 7}} {{1, 11}, {5, 13}, {6, 9}, {8, 10}} E22
F ′′gES301 = F
′′g
1 + (4, {6, 12}) {{3, 7}, {4, 7}} {{1, 3}, {3, 6}, {5, 8}} F4
F ′′gES311 = F
′′g
1 + (4, {8, 10}) {{3, 7}, {7, 12}} {{1, 3}, {5, 8}, {5, 12}} F4
F ′′gES321 = F
′′g
1 + (6, {1, 2}) {{4, 7}, {8, 11}} {{1, 11}, {4, 9}, {5, 8}} F4
F ′′gES331 = F
′′g
1 + (6, {1, 11}) {{2, 7}, {7, 12}} {{1, 2}, {4, 11}, {5, 12}} F4
F ′′gES341 = F
′′g
1 + (6, {2, 7}) {{3, 7}, {7, 12}} {{1, 3}, {4, 11}, {5, 12}} F4
F ′′gES351 = F
′′g
1 + (6, {4, 7}) {{3, 7}, {8, 11}} {{1, 3}, {1, 11}, {5, 8}} F4
F ′′gES361 = F
′′g
1 + (6, {4, 11}) {{2, 7}} {{1, 2}, {1, 3}, {8, 10}, {11, 13}} F ′1
F ′′gES371 = F
′′g
1 + (6, {8, 11}) {{4, 7}} {{1, 11}, {4, 9}, {5, 8}, {9, 10}} E22
Continued on next page
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F ′′g1 Edge Splits – continued from previous page
Edge Split Delete Contract Minor
F ′′gES381 = F
′′g
1 + (7, {1, 11}) {{4, 7}, {7, 12}} {{4, 9}, {5, 8}, {5, 12}} F4
F ′′gES391 = F
′′g
1 + (7, {6, 9}) {{3, 7}, {7, 12}} {{1, 3}, {1, 11}, {5, 12}} F4
F ′′gES401 = F
′′g
1 + (7, {8, 11}) − − F ′′h1
F ′′gES411 = F
′′g
1 + (8, {1, 2}) {{3, 7}} {{1, 3}, {1, 13}, {4, 11}, {6, 12}} F ′1
F ′′gES421 = F
′′g
1 + (8, {1, 3}) {{2, 7}, {3, 6}} {{1, 2}, {3, 7}, {6, 9}} F4
F ′′gES431 = F
′′g
1 + (8, {2, 7}) {{4, 7}} {{1, 2}, {4, 9}, {5, 12}, {6, 9}} E22
F ′′gES441 = F
′′g
1 + (8, {3, 6}) {{2, 7}, {3, 7}} {{1, 2}, {1, 3}, {6, 9}} F4
F ′′gES451 = F
′′g
1 + (8, {3, 7}) {{2, 7}, {3, 6}} {{1, 2}, {1, 3}, {6, 9}} F4
F ′′gES461 = F
′′g
1 + (8, {4, 7}) {{2, 7}, {7, 10}} {{1, 2}, {1, 3}, {8, 10}} F4
F ′′gES471 = F
′′g
1 + (8, {4, 9}) {{7, 12}, {8, 11}} {{1, 11}, {5, 8}, {5, 12}} F4
F ′′gES481 = F
′′g
1 + (8, {6, 9}) {{2, 7}, {4, 7}} {{1, 2}, {1, 3}, {4, 9}} F4
F ′′gES491 = F
′′g
1 + (8, {6, 12}) {{2, 7}} {{1, 2}, {1, 3}, {4, 11}, {6, 13}} F ′1
F ′′gES501 = F
′′g
1 + (8, {7, 12}) {{4, 9}, {7, 10}} {{4, 7}, {6, 9}, {8, 10}} F4
F ′′gES511 = F
′′g
1 + (9, {1, 2}) {{3, 7}, {4, 7}} {{1, 3}, {4, 9}, {5, 8}} F4
F ′′gES521 = F
′′g
1 + (9, {1, 3}) {{2, 7}} {{1, 2}, {1, 13}, {4, 11}, {5, 12}} F ′1
F ′′gES531 = F
′′g
1 + (9, {2, 7}) {{3, 7}, {6, 9}} {{1, 3}, {1, 11}, {3, 6}} F4
F ′′gES541 = F
′′g
1 + (9, {3, 7}) {{4, 7}} {{1, 3}, {4, 9}, {5, 8}, {6, 12}} E22
F ′′gES551 = F
′′g
1 + (9, {8, 11}) {{3, 7}} {{1, 3}, {1, 11}, {5, 8}, {6, 12}} E22
F ′′g1 Triad Additions
Triad Addition Delete Contract Minor
F ′′gTA11 = F
′′g
1 + (1, 4, 5) {{4, 7}, {4, 11}} {{1, 11}, {4, 9}, {6, 9}, {8, 10}} E22
F ′′gTA21 = F
′′g
1 + (1, 4, 6) {{1, 3}, {3, 6}} {{1, 2}, {3, 7}, {6, 12}, {8, 10}} E22
F ′′gTA31 = F
′′g
1 + (1, 4, 10) {{1, 11}, {4, 7}} {{1, 13}, {4, 11}, {5, 8}, {6, 9}} E22
F ′′gTA41 = F
′′g
1 + (1, 4, 12) {{1, 3}, {3, 6}} {{1, 2}, {3, 7}, {6, 9}, {8, 10}} E22
F ′′gTA51 = F
′′g
1 + (1, 5, 6) {{1, 3}, {3, 6}} {{1, 11}, {3, 7}, {6, 9}, {8, 10}} E22
F ′′gTA61 = F
′′g
1 + (1, 5, 9) {{1, 3}, {3, 6}} {{1, 11}, {3, 7}, {6, 9}, {8, 10}} E22
F ′′gTA71 = F
′′g
1 + (1, 6, 8) {{2, 7}, {4, 9}} {{1, 2}, {4, 7}, {5, 12}, {6, 9}} E22
F ′′gTA81 = F
′′g
1 + (1, 6, 10) {{2, 7}, {7, 10}} {{1, 2}, {4, 7}, {5, 12}, {8, 10}} E22
F ′′gTA91 = F
′′g
1 + (1, 7, 8) {{2, 7}, {4, 7}} {{1, 2}, {4, 9}, {5, 12}, {6, 9}} E22
F ′′gTA101 = F
′′g
1 + (1, 7, 9) {{3, 7}, {4, 7}} {{1, 3}, {4, 9}, {5, 8}, {6, 12}} E22
F ′′gTA111 = F
′′g
1 + (1, 8, 9) {{2, 7}, {3, 7}} {{1, 2}, {1, 3}, {4, 11}, {7, 12}} E22
F ′′gTA121 = F
′′g
1 + (1, 8, 12) {{4, 7}, {5, 12}} {{2, 5}, {4, 9}, {6, 9}, {12, 13}} E22
F ′′gTA131 = F
′′g
1 + (1, 9, 12) {{1, 3}, {7, 12}} {{1, 11}, {3, 6}, {5, 12}, {8, 10}} E22
F ′′gTA141 = F
′′g
1 + (1, 10, 12) {{1, 11}, {7, 10}} {{1, 13}, {4, 11}, {5, 8}, {6, 9}} E22
F ′′gTA151 = F
′′g
1 + (2, 3, 4) {{1, 3}, {3, 7}} {{1, 2}, {3, 6}, {6, 12}, {8, 10}} E22
F ′′gTA161 = F
′′g
1 + (2, 3, 8) {{1, 3}, {2, 7}, {3, 6}} {{1, 2}, {3, 7}, {6, 9}} F4
F ′′gTA171 = F
′′g
1 + (2, 3, 9) {{1, 2}, {3, 7}, {4, 7}} {{1, 3}, {4, 9}, {5, 8}} F4
F ′′gTA181 = F
′′g
1 + (2, 3, 10) {{2, 7}, {3, 7}} {{2, 5}, {3, 6}, {4, 11}, {7, 12}} E22
F ′′gTA191 = F
′′g
1 + (2, 3, 12) {{4, 7}, {4, 9}} {{1, 11}, {4, 11}, {6, 9}, {8, 10}} E22
F ′′gTA201 = F
′′g
1 + (2, 4, 6) {{1, 3}, {3, 6}} {{1, 2}, {3, 7}, {6, 12}, {8, 10}} E22
Continued on next page
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F ′′g1 Triad Additions – continued from previous page
Triad Addition Delete Contract Minor
F ′′gTA211 = F
′′g
1 + (2, 4, 8) {{3, 7}, {7, 10}} {{1, 3}, {1, 11}, {6, 12}, {8, 10}} E22
F ′′gTA221 = F
′′g
1 + (2, 4, 10) {{3, 7}, {4, 7}} {{1, 3}, {4, 11}, {5, 8}, {6, 12}} E22
F ′′gTA231 = F
′′g
1 + (2, 6, 8) {{2, 7}, {4, 9}} {{1, 2}, {4, 7}, {5, 12}, {6, 9}} E22
F ′′gTA241 = F
′′g
1 + (2, 8, 9) {{2, 7}, {3, 7}} {{1, 2}, {1, 3}, {4, 11}, {7, 12}} E22
F ′′gTA251 = F
′′g
1 + (3, 4, 8) {{3, 7}, {7, 10}} {{1, 2}, {3, 13}, {6, 12}, {8, 10}} E22
F ′′gTA261 = F
′′g
1 + (3, 4, 10) {{2, 7}, {4, 7}} {{1, 2}, {4, 11}, {5, 12}, {6, 9}} E22
F ′′gTA271 = F
′′g
1 + (3, 4, 12) {{2, 7}, {3, 6}} {{1, 2}, {1, 3}, {6, 9}, {8, 10}} E22
F ′′gTA281 = F
′′g
1 + (3, 8, 9) {{2, 7}, {3, 7}} {{1, 2}, {1, 3}, {4, 11}, {7, 12}} E22
F ′′gTA291 = F
′′g
1 + (3, 8, 12) {{2, 7}, {3, 6}, {12, 13}} {{1, 2}, {3, 13}, {6, 9}} F4
F ′′gTA301 = F
′′g
1 + (3, 9, 11) {{2, 7}, {4, 9}} {{1, 2}, {4, 7}, {5, 12}, {9, 10}} E22
F ′′gTA311 = F
′′g
1 + (3, 10, 11) {{2, 7}, {4, 7}} {{1, 2}, {4, 9}, {5, 12}, {6, 9}} E22
F ′′gTA321 = F
′′g
1 + (4, 6, 8) {{4, 7}, {8, 11}} {{1, 11}, {4, 11}, {5, 8}, {9, 10}} E22
F ′′gTA331 = F
′′g
1 + (6, 7, 8) {{7, 10}, {7, 12}, {8, 11}} {{1, 11}, {5, 12}, {8, 10}} F4
F ′′g1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′gTE11 {{3, 7}, {1, 7}} {{1, 3}} F ′′aTE11
F ′′gTE21 {{4, 7}} {{4, 11}} F
′′gTE4
1
F ′′gTE31 − {{8, 10}} F ′′bTE11
F ′′gTE41 {{4, 11}} {{1, 11}} F
′′gTE3
1
F ′′gTE51 {{7, 12}} − F ′′aTE41
F ′′gTE61 {{7, 12}} − F ′′aTE21
F ′′gTE71 {{7, 12}} − F ′′aTE51
F ′′gTE81 {{7, 12}, {5, 7}} {{5, 12}} F ′′aTE81
F ′′gTE91 {{4, 7}} {{4, 11}} F
′′gTE8
1
F ′′gTE101 {{3, 7}} {{1, 3}} F ′′aTE31
F ′′gTE111 {{3, 7}} {{3, 6}} F ′′aTE61
F ′′g1 Handcuff Extensions
Handcuff Extension Delete Contract Minor
F ′′gHE11 − − F
′′gTE2
1
F ′′h1 Vertex Splits
Vertex Split Delete Contract Minor
F ′′hVS11 = F
′′h
1 + (7→ {2, 3}) {{4, 7}, {7, 12}} {{2, 5}, {4, 9}, {5, 12}, {9, 10}} F4
F ′′hVS21 = F
′′h
1 + (7→ {2, 4}) {{2, 5}, {3, 7}} {{1, 2}, {1, 3}, {3, 6}, {5, 8}} F4
F ′′hVS31 = F
′′h
1 + (7→ {2, 13}) {{3, 7}} {{1, 3}, {2, 5}, {6, 9}, {8, 10}, {11, 13}} E22
F ′′hVS41 = F
′′h
1 + (7→ {2, 3, 4}) {{1, 3}} {{1, 2}, {3, 6}, {5, 12}, {9, 10}, {11, 13}} E22
F ′′hVS51 = F
′′h
1 + (7→ {2, 3, 10}) {{5, 8}, {7, 14}} {{2, 5}, {3, 6}, {8, 10}, {8, 13}} F4
F ′′hVS61 = F
′′h
1 + (7→ {2, 3, 12}) {{2, 14}, {4, 7}} {{1, 2}, {1, 3}, {4, 9}, {9, 10}} F4
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F ′′h1 Edge Splits
Edge Split Delete Contract Minor
F ′′hES11 = F
′′h
1 + (1, {4, 7}) {{3, 7}, {7, 12}} {{1, 3}, {4, 9}, {5, 8}, E22
{5, 12}, {11, 13}}
F ′′hES21 = F
′′h
1 + (1, {4, 9}) {{2, 7}, {4, 7}} {{1, 2}, {4, 11}, {5, 12}, F ′1
{9, 14}, {11, 13}}
F ′′hES31 = F
′′h
1 + (1, {5, 8}) {{3, 7}, {4, 7}, {7, 12}} {{1, 3}, {4, 9}, F4
{5, 12}, {9, 10}}
F ′′hES41 = F
′′h
1 + (1, {5, 12}) {{4, 7}, {7, 12}} {{4, 9}, {5, 8}, {6, 9}, E22
{6, 12}, {11, 13}}
F ′′hES51 = F
′′h
1 + (1, {7, 10}) {{4, 7}, {7, 13}} {{4, 9}, {5, 8}, {6, 9}, E22
{8, 13}, {10, 14}}
F ′′hES61 = F
′′h
1 + (1, {7, 12}) {{4, 7}, {7, 13}} {{4, 9}, {5, 8}, {6, 9}, E22
{8, 13}, {12, 14}}
F ′′hES71 = F
′′h
1 + (1, {8, 10}) {{4, 7}, {7, 10}} {{4, 9}, {5, 8}, {6, 9}, E22
{9, 10}, {11, 13}}
F ′′hES81 = F
′′h
1 + (2, {3, 6}) {{2, 7}, {4, 7}} {{1, 11}, {4, 9}, {5, 8}, E22
{6, 14}, {9, 10}}
F ′′hES91 = F
′′h
1 + (2, {4, 9}) {{2, 7}, {3, 7}} {{1, 3}, {1, 11}, {5, 8}, E22
{6, 12}, {9, 14}}
F ′′hES101 = F
′′h
1 + (2, {4, 11}) {{2, 5}, {3, 7}, {4, 7}} {{1, 3}, {3, 6}, F4
{4, 9}, {5, 8}}
F ′′hES111 = F
′′h
1 + (2, {6, 9}) {{2, 7}, {3, 7}} {{1, 3}, {1, 11}, {5, 8}, E22
{6, 12}, {9, 14}}
F ′′hES121 = F
′′h
1 + (2, {8, 13}) {{2, 7}, {4, 7}} {{1, 3}, {4, 9}, {5, 12}, E22
{9, 10}, {13, 14}}
F ′′hES131 = F
′′h
1 + (7, {1, 11}) {{2, 7}, {3, 7}, {7, 10}} {{1, 2}, {1, 3}, F4
{5, 8}, {8, 10}}
F ′′h1 Triad Additions
Triad Addition Delete Contract Minor
F ′′hTA11 = F
′′h
1 + (1, 4, 5) {{7, 13}} {{8, 13}} F
′′gTA1
1
F ′′hTA21 = F
′′h
1 + (1, 4, 6) {{7, 10}} {{8, 10}} F
′′gTA2
1
F ′′hTA31 = F
′′h
1 + (1, 4, 8) {{4, 11}} {{1, 11}} F
′′gTA9
1
F ′′hTA41 = F
′′h
1 + (1, 4, 10) {{7, 13}} {{8, 13}} F
′′gTA3
1
F ′′hTA51 = F
′′h
1 + (1, 4, 12) {{7, 13}} {{8, 13}} F
′′gTA4
1
F ′′hTA61 = F
′′h
1 + (1, 5, 6) {{4, 7}} {{4, 9}} F
′′gTA5
1
F ′′hTA71 = F
′′h
1 + (1, 5, 9) {{7, 13}} {{8, 13}} F
′′gTA6
1
F ′′hTA81 = F
′′h
1 + (1, 7, 8) {{2, 7}} {{1, 2}} F
′′gTA9
1
F ′′hTA91 = F
′′h
1 + (1, 10, 12) {{4, 7}} {{4, 9}} F
′′gTA14
1
F ′′hTA101 = F
′′h
1 + (2, 3, 4) {{4, 7}} {{11, 13}} F
′′gTA15
1
F ′′hTA111 = F
′′h
1 + (2, 3, 10) {{4, 7}} {{4, 9}} F
′′gTA18
1
F ′′hTA121 = F
′′h




F ′′h1 Theta Extensions
Theta Extension Delete Contract Minor
F ′′hTE11 {{4, 7}} {{4, 9}} F
′′gTE3
1
F ′′hTE21 {{7, 13}} − F
′′gTE2
1
F ′′hTE31 {{4, 7}} − F
′′gTE7
1
F ′′hTE41 {{7, 10}} − F
′′gTE9
1
F ′′h1 Handcuff Extensions
Handcuff Extension Delete Contract Minor
F ′′hHE11 {{2, 7}} {{1, 2}} F ′′hTE21
G′1 Minors
Below are the vertex splits, edge splits, triad additions, and theta extensions of G′1 and their
minors needed for Lemma 5.2.16.
G′1 Vertex Splits
Vertex Split Delete Contract Minor
G′VS11 = G
′
1 + (5→ {2, 3}) − {{1, 4}} F4
G′1 Edge Splits
Edge Split Delete Contract Minor
G′ES11 = G
′
1 + (1, {5, 6}) {{1, 2}} {{2, 5}} F4
G′ES21 = G
′
1 + (1, {6, 7}) {{5, 6}} {{7, 10}} F4
G′ES31 = G
′
1 + (1, {7, 10}) {{5, 6}} {{6, 7}} F4
G′ES41 = G
′
1 + (2, {3, 8}) {{4, 5}} {{1, 4}} F4
G′ES51 = G
′
1 + (2, {6, 8}) − {{4, 9}, {8, 11}} F ′1
G′ES61 = G
′
1 + (2, {8, 10}) − {{4, 9}, {8, 11}} F ′1
G′ES71 = G
′
1 + (5, {7, 10}) {{5, 6}} {{6, 7}} F4
G′1 Triad Additions
Triad Addition Delete Contract Minor
G′TA11 = G
′
1 + (1, 5, 10) {{1, 2}, {5, 6}} {{2, 5}} F4
G′TA21 = G
′
1 + (1, 7, 8) {{6, 9}} {{4, 9}, {9, 10}} E22
G′TA31 = G
′
1 + (2, 3, 6) {{6, 9}} {{4, 9}, {9, 10}} E22
G′TA41 = G
′
1 + (2, 3, 9) {{2, 11}} {{2, 7}, {3, 11}} F ′1
G′1 Theta Extensions
Theta Extension Delete Contract Minor
G′TE11 = G
′
1 + (3, {1, 2}) + {{1, 5}, {2, 6}, {{1, 5}, {2, 6}, {3, 11}, {4, 6} {{1, 11}, E20
{4, 6}, {5, 8}, {5, 11}, {6, 10}, {7, 9}} {5, 8}, {5, 11}, {6, 10}} {8, 10}}
236
Q Minors
Below are the vertex splits, edge splits, and triad additions of Q and Q′ and their minors
needed for Lemma 5.3.3.
Q Edge Additions
Edge Addition Delete Contract Minor
QEA1 = Q + {1, 3} − 12 {{1, 2}, {3, 4}, {5, 6}, {8, 9}} {{4, 5}, {5, 11}} F4 − 3
QEA2 = Q + {1, 4} − 12 {{1, 2}, {3, 4}, {5, 6}, {8, 9}} {{2, 3}, {2, 11}} F4 − 3
QEA3 = Q + {1, 5} − 12 {{1, 2}, {3, 4}, {5, 11}, {7, 9}} {{2, 3}, {1, 8}} F4 − 3
QEA4 = Q + {1, 6} − 12 {{7, 8}, {1, 11}, {5, 11}, {3, 10}} {{2, 3}, {4, 5}} F4 − 3
QEA5 = Q + {1, 7} − 12 {{3, 4}, {7, 8}, {1, 11}, {6, 11}} {{1, 2}, {2, 3}} F4 − 3
QEA6 = Q + {1, 9} − 12 {{1, 2}, {5, 11}, {3, 10}, {8, 9}} {{2, 3}, {6, 7}} F4 − 3
QEA7 = Q + {1, 10} − 12 {{1, 2}, {3, 4}, {6, 11}, {8, 9}} {{2, 3}, {4, 5}} F4 − 3
QEA8 = Q + {3, 7} − 12 {{3, 4}, {7, 8}, {1, 11}, {6, 11}} {{1, 2}, {2, 3}} F4 − 3
QEA9 = Q + {3, 8} − 12 {{3, 4}, {1, 11}, {5, 11}, {7, 9}} {{4, 5}, {6, 7}} E′′5 − 7
QEA10 = Q + {3, 9} − 12 {{7, 8}, {2, 11}, {5, 11}, {3, 10}} {{4, 5}, {6, 7}} F4 − 3
QEA11 = Q + {3, 11} − 12 {{3, 4}, {7, 8}, {2, 11}, {5, 11}} {{4, 5}, {3, 10}} E′′5 − 7
QEA12 = Q + {9, 11} − 12 {{1, 2}, {5, 11}, {3, 10}, {7, 9}} {{2, 3}, {6, 7}} F4 − 3
Q′ Vertex Splits
Vertex Split Delete Contract Minor
Q′VS1 = Q′ + (1→ {2, 6}) − − Q′VS1
Q′VS2 = Q′ + (11→ {1, 2}) − − Q′VS2
Q′VS3 = Q′ + (11→ {1, 3}) − − Q′VS3
Q′VS4 = Q′ + (11→ {1, 4}) {{2, 11}, {3, 11}, {5, 11}, {6, 11}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS5 = Q′ + (11→ {2, 4}) {{1, 11}, {3, 11}, {5, 11}, {6, 11}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS6 = Q′ + (11→ {2, 9}) {{1, 11}, {3, 11}, {5, 11}, {10, 11}} {{1, 2}, {9, 12}} E′′5
Q′VS7 = Q′ + (11→ {1, 2, 3}) − − Q′VS7
Q′VS8 = Q′ + (11→ {1, 2, 4}) {{2, 12}, {3, 11}, {5, 11}, {6, 11}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS9 = Q′ + (11→ {1, 2, 5}) {{1, 12}, {3, 11}, {4, 11}, {6, 11}, {10, 11}} {{3, 4}, {5, 6}} F4
Q′VS10 = Q′ + (11→ {1, 2, 6}) {{1, 12}, {3, 11}, {4, 11}, {5, 11}, {10, 11}} {{2, 3}, {3, 4}} F4
Q′VS11 = Q′ + (11→ {1, 2, 9}) {{2, 12}, {3, 11}, {5, 11}, {10, 11}} {{1, 2}, {9, 12}} E′′5
Q′VS12 = Q′ + (11→ {1, 3, 5}) {{1, 6}, {6, 11}, {8, 11}, {10, 11}} {{3, 8}, {5, 6}} E′′5
Q′VS13 = Q′ + (11→ {1, 3, 9}) {{3, 12}, {5, 11}, {6, 11}, {7, 11}, {10, 11}} {{1, 7}, {5, 6}} F4
Q′VS14 = Q′ + (11→ {1, 4, 8}) {{1, 12}, {3, 11}, {5, 11}, {9, 11}, {10, 11}} {{4, 5}, {5, 9}} F4
Q′VS15 = Q′ + (11→ {2, 4, 6}) {{1, 11}, {3, 11}, {5, 11}, {6, 12}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS16 = Q′ + (11→ {2, 4, 7}) − − Q′VS16
Q′VS17 = Q′ + (11→ {2, 4, 8}) {{5, 11}, {6, 11}, {7, 11}, {10, 11}, {11, 12}} {{1, 7}, {5, 6}} F4
Q′VS18 = Q′ + (11→ {1, 2, 3, 4}) {{2, 12}, {3, 12}, {5, 11}, {6, 11}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS19 = Q′ + (11→ {1, 2, 3, 5}) {{1, 12}, {3, 12}, {4, 11}, {6, 11}, {10, 11}} {{3, 4}, {5, 6}} F4
Q′VS20 = Q′ + (11→ {1, 2, 3, 9}) {{2, 12}, {3, 12}, {5, 11}, {10, 11}} {{1, 2}, {9, 12}} E′′5
Q′VS21 = Q′ + (11→ {1, 2, 4, 5}) {{2, 12}, {3, 11}, {5, 12}, {6, 11}, {10, 11}} {{1, 2}, {5, 6}} F4
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Q′VS22 = Q′ + (11→ {1, 2, 4, 6}) {{2, 12}, {3, 11}, {5, 11}, {6, 12}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS23 = Q′ + (11→ {1, 2, 4, 7}) − − Q′VS23
Q′VS24 = Q′ + (11→ {1, 2, 4, 8}) {{1, 12}, {6, 11}, {9, 11}, {10, 11}, {11, 12}} {{5, 6}, {5, 9}} F4
Q′VS25 = Q′ + (11→ {1, 2, 4, 9}) − − Q′VS25
Q′VS26 = Q′ + (11→ {1, 2, 4, 10}) {{2, 12}, {3, 11}, {5, 11}, {6, 11}, {10, 12}} {{1, 2}, {5, 6}} F4
Q′VS27 = Q′ + (11→ {1, 2, 5, 7}) {{1, 12}, {3, 11}, {5, 12}, {8, 11}, {10, 11}} {{2, 3}, {3, 8}} F4
Q′VS28 = Q′ + (11→ {1, 2, 5, 9}) {{2, 12}, {3, 11}, {5, 12}, {10, 11}} {{1, 2}, {9, 12}} E′′5
Q′VS29 = Q′ + (11→ {1, 2, 5, 10}) {{1, 12}, {3, 11}, {5, 12}, {7, 11}, {8, 11}} {{1, 7}, {3, 8}} F4
Q′VS30 = Q′ + (11→ {1, 2, 6, 7}) {{1, 12}, {4, 11}, {5, 11}, {8, 11}, {10, 11}} {{3, 4}, {3, 8}} F4
Q′VS31 = Q′ + (11→ {1, 3, 5, 10}) {{2, 11}, {3, 12}, {9, 10}, {9, 11}} {{1, 2}, {5, 9}} E′′5
Q′VS32 = Q′ + (11→ {1, 4, 8, 9}) {{1, 12}, {3, 11}, {5, 11}, {9, 12}, {10, 11}} {{4, 5}, {5, 9}} F4
Q′VS33 = Q′ + (11→ {2, 4, 6, 7}) {{4, 12}, {5, 11}, {8, 11}, {10, 11}, {11, 12}} {{3, 4}, {3, 8}} F4
Q′VS34 = Q′ + (11→ {2, 4, 7, 9}) {{3, 11}, {5, 11}, {6, 11}, {10, 11}} {{5, 6}, {8, 11}} E′′5
Q′VS35 = Q′ + (11→ {1, 2, 3, 4, 5}) {{2, 12}, {3, 12}, {5, 12}, {6, 11}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS36 = Q′ + (11→ {1, 2, 3, 4, 6}) {{2, 12}, {3, 12}, {5, 11}, {6, 12}, {10, 11}} {{1, 2}, {5, 6}} F4
Q′VS37 = Q′ + (11→ {1, 2, 3, 4, 7}) − − Q′VS37
Q′VS38 = Q′ + (11→ {1, 2, 3, 4, 9}) − − Q′VS38
Q′VS39 = Q′ + (11→ {1, 2, 3, 4, 10}) {{2, 12}, {3, 12}, {5, 11}, {6, 11}, {10, 12}} {{1, 2}, {5, 6}} F4
Q′VS40 = Q′ + (11→ {1, 2, 3, 5, 9}) {{2, 12}, {3, 12}, {5, 12}, {10, 11}} {{1, 2}, {9, 12}} E′′5
Q′VS41 = Q′ + (11→ {1, 2, 3, 5, 10}) {{1, 12}, {3, 12}, {5, 12}, {7, 11}, {8, 11}} {{1, 7}, {3, 8}} F4
Q′VS42 = Q′ + (11→ {1, 2, 4, 5, 8}) {{1, 12}, {5, 12}, {9, 11}, {10, 11}, {11, 12}} {{5, 6}, {5, 9}} F4
Q′VS43 = Q′ + (11→ {1, 2, 4, 5, 10}) {{2, 12}, {3, 11}, {5, 12}, {6, 11}, {10, 12}} {{1, 2}, {5, 6}} F4
Q′VS44 = Q′ + (11→ {1, 2, 4, 9, 10}) − − Q′VS44
Q Vertex Splits
Vertex Split Delete Contract Minor
QVS1 = Q + (1→ {2, 7}) {{2, 12}, {3, 4}, {4, 9}, {5, 12}, {{7, 8}, {8, 9}, F4
{6, 7}, {7, 12}, {8, 12}, {9, 12}, {10, 11}}
{10, 12}, {11, 12}}
QVS2 = Q + (1→ {2, 11}) − − Qa
QVS3 = Q + (2→ {1, 3}) {{1, 12}, {3, 4}, {3, 12}, {4, 9}, {{3, 5}, {4, 5}, F4
{4, 12}, {5, 12}, {6, 7}, {8, 12}, {10, 11}}
{10, 12}, {11, 12}}
QVS4 = Q + (2→ {1, 11}) − − Qb
QVS5 = Q + (2→ {1, 12}) {{1, 12}, {3, 12}, {4, 5}, {4, 10}, {5, 12}, {{2, 3}, {5, 6}, F4
{6, 12}, {7, 8}, {7, 12}, {9, 12}, {11, 12}} {6, 7}}
QVS6 = Q + (3→ {2, 4}) {{1, 12}, {2, 11}, {4, 9}, {{5, 6}, {6, 8}, E′′5
{5, 12}, {6, 7}, {6, 12}, {7, 8}}
{7, 12}, {8, 12}, {10, 12}}
QVS7 = Q + (3→ {2, 5}) {{1, 2}, {1, 12}, {2, 12}, {4, 12}, {{1, 11}, {2, 11}, F4
{5, 12}, {6, 7}, {8, 12}, {9, 10}, {10, 11}}
{10, 12}, {11, 12}}
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QVS8 = Q + (3→ {2, 12}) − − Qc
QVS9 = Q + (4→ {3, 5}) − − Qd
QVS10 = Q + (4→ {3, 9}) {{1, 2}, {1, 12}, {2, 12}, {3, 12}, {{1, 11}, {2, 3}, F4
{4, 12}, {5, 12}, {6, 7}, {8, 12}, {2, 11}}
{9, 10}, {11, 12}}
QVS11 = Q + (4→ {3, 10}) {{1, 12}, {2, 11}, {3, 12}, {4, 9}, {{5, 6}, {8, 9}, F4
{5, 12}, {6, 12}, {7, 8}, {8, 12}, {9, 10}}
{9, 12}, {10, 12}}
QVS12 = Q + (4→ {3, 12}) {{1, 2}, {1, 12}, {2, 12}, {3, 12}, {{1, 11}, {2, 3}, F4
{4, 9}, {5, 12}, {6, 7}, {8, 12}, {4, 10}}
{10, 12}, {11, 12}}
QVS13 = Q + (12→ {1, 2}) {{1, 2}, {3, 4}, {3, 12}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS14 = Q + (12→ {1, 3}) {{1, 2}, {3, 4}, {4, 10}, {5, 12}, {6, 8}} {{3, 5}} Q′VS4
QVS15 = Q + (12→ {1, 4}) {{1, 2}, {4, 5}, {4, 10}, {7, 8}, {11, 12}} {{1, 11}} Q′VS4
QVS16 = Q + (12→ {1, 5}) {{1, 2}, {2, 12}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS17 = Q + (12→ {1, 6}) {{1, 11}, {2, 12}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS4
QVS18 = Q + (12→ {1, 7}) − − Qe
QVS19 = Q + (12→ {2, 3}) − − Qf
QVS20 = Q + (12→ {2, 4}) {{1, 2}, {3, 4}, {4, 10}, {6, 8}, {11, 12}} {{2, 11}} Q′VS4
QVS21 = Q + (12→ {2, 5}) {{1, 2}, {1, 12}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS5
QVS22 = Q + (12→ {2, 6}) {{1, 2}, {3, 4}, {4, 10}, {6, 8}, {11, 12}} {{2, 11}} Q′VS4
QVS23 = Q + (12→ {2, 8}) {{1, 2}, {3, 4}, {4, 10}, {6, 8}, {11, 12}} {{2, 11}} Q′VS4
QVS24 = Q + (12→ {2, 9}) {{1, 2}, {3, 4}, {3, 12}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS25 = Q + (12→ {2, 10}) {{2, 11}, {3, 4}, {3, 12}, {4, 9}, {6, 7}} {{2, 3}} Q′VS4
QVS26 = Q + (12→ {2, 11}) {{2, 11}, {3, 4}, {3, 12}, {4, 9}, {6, 7}} {{2, 3}} Q′VS5
QVS27 = Q + (12→ {3, 4}) {{1, 2}, {2, 12}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS28 = Q + (12→ {3, 5}) {{1, 2}, {1, 12}, {3, 5}, {4, 10}, {{5, 6}, {6, 7}, E′′5
{6, 12}, {7, 8}, {7, 12}, {1, 11}}
{9, 12}, {11, 12}}
QVS29 = Q + (12→ {3, 9}) {{1, 2}, {2, 12}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS30 = Q + (12→ {3, 10}) {{1, 2}, {3, 4}, {4, 10}, {5, 12}, {6, 8}} {{3, 5}} Q′VS4
QVS31 = Q + (12→ {1, 2, 3}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS32 = Q + (12→ {1, 2, 4}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS4
QVS33 = Q + (12→ {1, 2, 5}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS34 = Q + (12→ {1, 2, 6}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS4
QVS35 = Q + (12→ {1, 2, 7}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS5
QVS36 = Q + (12→ {1, 2, 8}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS37 = Q + (12→ {1, 2, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS38 = Q + (12→ {1, 2, 10}) {{1, 2}, {2, 11}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS39 = Q + (12→ {1, 2, 11}) {{1, 2}, {3, 4}, {3, 12}, {4, 10}, {6, 8}} {{2, 3}} Q′VS10
QVS40 = Q + (12→ {1, 3, 4}) {{2, 11}, {3, 4}, {3, 13}, {4, 9}, {6, 7}} {{2, 3}} Q′VS4
QVS41 = Q + (12→ {1, 3, 5}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
Continued on next page
239
Q Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
QVS42 = Q + (12→ {1, 3, 6}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS4
QVS43 = Q + (12→ {1, 3, 7}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS4
QVS44 = Q + (12→ {1, 3, 8}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS4
QVS45 = Q + (12→ {1, 3, 9}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS46 = Q + (12→ {1, 3, 10}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS4
QVS47 = Q + (12→ {1, 4, 5}) {{2, 11}, {3, 4}, {4, 9}, {5, 13}, {6, 7}} {{3, 5}} Q′VS4
QVS48 = Q + (12→ {1, 4, 6}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS4
QVS49 = Q + (12→ {1, 4, 7}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS6
QVS50 = Q + (12→ {1, 5, 6}) {{2, 11}, {3, 4}, {4, 9}, {5, 13}, {6, 7}} {{3, 5}} Q′VS4
QVS51 = Q + (12→ {1, 5, 8}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS4
QVS52 = Q + (12→ {1, 5, 9}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS4
QVS53 = Q + (12→ {1, 6, 8}) {{1, 2}, {4, 5}, {4, 10}, {6, 7}, {6, 8}} {{5, 6}} Q′VS5
QVS54 = Q + (12→ {2, 3, 4}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS55 = Q + (12→ {2, 3, 5}) {{1, 2}, {1, 12}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS10
QVS56 = Q + (12→ {2, 3, 6}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS57 = Q + (12→ {2, 3, 8}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS4
QVS58 = Q + (12→ {2, 3, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS59 = Q + (12→ {2, 3, 10}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS4
QVS60 = Q + (12→ {2, 3, 11}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS5
QVS61 = Q + (12→ {2, 4, 5}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS5
QVS62 = Q + (12→ {2, 4, 6}) {{1, 2}, {3, 4}, {3, 5}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS63 = Q + (12→ {2, 4, 8}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS4
QVS64 = Q + (12→ {2, 4, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS4
QVS65 = Q + (12→ {2, 4, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS4
QVS66 = Q + (12→ {2, 4, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS67 = Q + (12→ {2, 5, 8}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS68 = Q + (12→ {2, 5, 9}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS4
QVS69 = Q + (12→ {2, 5, 10}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS70 = Q + (12→ {2, 5, 11}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS4
QVS71 = Q + (12→ {2, 6, 8}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS4
QVS72 = Q + (12→ {2, 6, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS4
QVS73 = Q + (12→ {2, 9, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS4
QVS74 = Q + (12→ {3, 4, 5}) {{1, 2}, {2, 12}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS10
QVS75 = Q + (12→ {3, 4, 9}) {{2, 11}, {3, 4}, {3, 13}, {4, 9}, {6, 7}} {{2, 3}} Q′VS5
QVS76 = Q + (12→ {3, 4, 10}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS5
QVS77 = Q + (12→ {3, 5, 9}) {{2, 11}, {3, 4}, {3, 13}, {4, 9}, {6, 7}} {{2, 3}} Q′VS4
QVS78 = Q + (12→ {1, 2, 3, 4}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS79 = Q + (12→ {1, 2, 3, 5}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS80 = Q + (12→ {1, 2, 3, 6}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS8
QVS81 = Q + (12→ {1, 2, 3, 7}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS82 = Q + (12→ {1, 2, 3, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS9
QVS83 = Q + (12→ {1, 2, 3, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS9
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QVS84 = Q + (12→ {1, 2, 3, 10}) {{1, 11}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{11, 12}} Q′VS5
QVS85 = Q + (12→ {1, 2, 3, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS10
QVS86 = Q + (12→ {1, 2, 4, 5}) {{2, 11}, {3, 4}, {4, 9}, {5, 13}, {6, 7}} {{3, 5}} Q′VS8
QVS87 = Q + (12→ {1, 2, 4, 6}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS8
QVS88 = Q + (12→ {1, 2, 4, 7}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS11
QVS89 = Q + (12→ {1, 2, 4, 8}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS8
QVS90 = Q + (12→ {1, 2, 4, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS91 = Q + (12→ {1, 2, 4, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {10, 13}} {{9, 10}} Q′VS8
QVS92 = Q + (12→ {1, 2, 4, 11}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS93 = Q + (12→ {1, 2, 5, 6}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS94 = Q + (12→ {1, 2, 5, 7}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS8
QVS95 = Q + (12→ {1, 2, 5, 8}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS8
QVS96 = Q + (12→ {1, 2, 5, 9}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS8
QVS97 = Q + (12→ {1, 2, 5, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {10, 13}} {{9, 10}} Q′VS8
QVS98 = Q + (12→ {1, 2, 5, 11}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS99 = Q + (12→ {1, 2, 6, 7}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS100 = Q + (12→ {1, 2, 6, 8}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS8
QVS101 = Q + (12→ {1, 2, 6, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS8
QVS102 = Q + (12→ {1, 2, 6, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS8
QVS103 = Q + (12→ {1, 2, 6, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS104 = Q + (12→ {1, 2, 7, 8}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS10
QVS105 = Q + (12→ {1, 2, 7, 9}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS106 = Q + (12→ {1, 2, 7, 10}) {{1, 13}, {2, 11}, {4, 5}, {4, 10}, {7, 8}} {{11, 12}} Q′VS5
QVS107 = Q + (12→ {1, 2, 7, 11}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS10
QVS108 = Q + (12→ {1, 2, 8, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS109 = Q + (12→ {1, 2, 8, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS8
QVS110 = Q + (12→ {1, 2, 9, 10}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS111 = Q + (12→ {1, 3, 4, 5}) {{2, 11}, {3, 4}, {3, 13}, {4, 9}, {6, 7}} {{2, 3}} Q′VS9
QVS112 = Q + (12→ {1, 3, 4, 6}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS9
QVS113 = Q + (12→ {1, 3, 4, 7}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS11
QVS114 = Q + (12→ {1, 3, 4, 8}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS115 = Q + (12→ {1, 3, 4, 9}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS9
QVS116 = Q + (12→ {1, 3, 4, 10}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS117 = Q + (12→ {1, 3, 5, 6}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS118 = Q + (12→ {1, 3, 5, 7}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS119 = Q + (12→ {1, 3, 5, 8}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS120 = Q + (12→ {1, 3, 5, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS8
QVS121 = Q + (12→ {1, 3, 5, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS8
QVS122 = Q + (12→ {1, 3, 6, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS123 = Q + (12→ {1, 3, 6, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS12
QVS124 = Q + (12→ {1, 3, 6, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS12
QVS125 = Q + (12→ {1, 3, 7, 9}) {{2, 11}, {3, 4}, {3, 13}, {4, 9}, {6, 7}} {{2, 3}} Q′VS8
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QVS126 = Q + (12→ {1, 3, 7, 10}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS127 = Q + (12→ {1, 3, 8, 9}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS128 = Q + (12→ {1, 4, 5, 6}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS129 = Q + (12→ {1, 4, 5, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS9
QVS130 = Q + (12→ {1, 4, 5, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS131 = Q + (12→ {1, 4, 6, 8}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS8
QVS132 = Q + (12→ {1, 5, 6, 8}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{7, 12}} Q′VS5
QVS133 = Q + (12→ {1, 5, 6, 9}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS134 = Q + (12→ {2, 3, 4, 5}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS10
QVS135 = Q + (12→ {2, 3, 4, 6}) {{1, 2}, {3, 13}, {4, 5}, {4, 10}, {6, 8}} {{5, 12}} Q′VS5
QVS136 = Q + (12→ {2, 3, 4, 8}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS8
QVS137 = Q + (12→ {2, 3, 4, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS138 = Q + (12→ {2, 3, 4, 10}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS139 = Q + (12→ {2, 3, 4, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS140 = Q + (12→ {2, 3, 5, 6}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS10
QVS141 = Q + (12→ {2, 3, 5, 8}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS9
QVS142 = Q + (12→ {2, 3, 5, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS9
QVS143 = Q + (12→ {2, 3, 5, 10}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS144 = Q + (12→ {2, 3, 5, 11}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS145 = Q + (12→ {2, 3, 6, 8}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS146 = Q + (12→ {2, 3, 6, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS8
QVS147 = Q + (12→ {2, 3, 6, 10}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS8
QVS148 = Q + (12→ {2, 3, 6, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS149 = Q + (12→ {2, 3, 8, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS11
QVS150 = Q + (12→ {2, 3, 8, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS9
QVS151 = Q + (12→ {2, 3, 8, 11}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS8
QVS152 = Q + (12→ {2, 3, 9, 10}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS153 = Q + (12→ {2, 3, 9, 11}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS8
QVS154 = Q + (12→ {2, 3, 10, 11}) {{1, 2}, {4, 5}, {4, 10}, {7, 8}, {11, 13}} {{1, 11}} Q′VS8
QVS155 = Q + (12→ {2, 4, 5, 8}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS156 = Q + (12→ {2, 4, 5, 9}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS8
QVS157 = Q + (12→ {2, 4, 5, 10}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS158 = Q + (12→ {2, 4, 5, 11}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS8
QVS159 = Q + (12→ {2, 4, 6, 8}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS8
QVS160 = Q + (12→ {2, 4, 6, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS8
QVS161 = Q + (12→ {2, 4, 9, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS8
QVS162 = Q + (12→ {2, 5, 8, 10}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS12
QVS163 = Q + (12→ {2, 5, 8, 11}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS9
QVS164 = Q + (12→ {2, 5, 9, 10}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS8
QVS165 = Q + (12→ {2, 5, 9, 11}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS9
QVS166 = Q + (12→ {2, 6, 8, 11}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS11
QVS167 = Q + (12→ {2, 6, 9, 10}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS8
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QVS168 = Q + (12→ {3, 4, 5, 9}) {{2, 11}, {3, 4}, {3, 13}, {4, 9}, {6, 7}} {{2, 3}} Q′VS8
QVS169 = Q + (12→ {3, 5, 9, 10}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS9
QVS170 = Q + (12→ {1, 2, 3, 4, 5}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS171 = Q + (12→ {1, 2, 3, 4, 6}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS18
QVS172 = Q + (12→ {1, 2, 3, 4, 7}) − − Qg
QVS173 = Q + (12→ {1, 2, 3, 4, 8}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS18
QVS174 = Q + (12→ {1, 2, 3, 4, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS175 = Q + (12→ {1, 2, 3, 4, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {10, 13}} {{9, 10}} Q′VS18
QVS176 = Q + (12→ {1, 2, 3, 4, 11}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS177 = Q + (12→ {1, 2, 3, 5, 6}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS178 = Q + (12→ {1, 2, 3, 5, 7}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS179 = Q + (12→ {1, 2, 3, 5, 8}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS18
QVS180 = Q + (12→ {1, 2, 3, 5, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS18
QVS181 = Q + (12→ {1, 2, 3, 5, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS18
QVS182 = Q + (12→ {1, 2, 3, 5, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS18
QVS183 = Q + (12→ {1, 2, 3, 6, 7}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS18
QVS184 = Q + (12→ {1, 2, 3, 6, 8}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS19
QVS185 = Q + (12→ {1, 2, 3, 6, 9}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS19
QVS186 = Q + (12→ {1, 2, 3, 6, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS19
QVS187 = Q + (12→ {1, 2, 3, 6, 11}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS18
QVS188 = Q + (12→ {1, 2, 3, 7, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS189 = Q + (12→ {1, 2, 3, 7, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS18
QVS190 = Q + (12→ {1, 2, 3, 7, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS18
QVS191 = Q + (12→ {1, 2, 3, 7, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS18
QVS192 = Q + (12→ {1, 2, 3, 8, 9}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS20
QVS193 = Q + (12→ {1, 2, 3, 8, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS19
QVS194 = Q + (12→ {1, 2, 3, 8, 11}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS18
QVS195 = Q + (12→ {1, 2, 3, 9, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS19
QVS196 = Q + (12→ {1, 2, 3, 9, 11}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS18
QVS197 = Q + (12→ {1, 2, 3, 10, 11}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS198 = Q + (12→ {1, 2, 4, 5, 6}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS24
QVS199 = Q + (12→ {1, 2, 4, 5, 7}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS28
QVS200 = Q + (12→ {1, 2, 4, 5, 8}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS24
QVS201 = Q + (12→ {1, 2, 4, 5, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS20
QVS202 = Q + (12→ {1, 2, 4, 5, 10}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS19
QVS203 = Q + (12→ {1, 2, 4, 5, 11}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS21
QVS204 = Q + (12→ {1, 2, 4, 6, 7}) {{1, 2}, {3, 4}, {3, 12}, {4, 10}, {6, 8}} {{2, 3}} Q′VS39
QVS205 = Q + (12→ {1, 2, 4, 6, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS26
QVS206 = Q + (12→ {1, 2, 4, 6, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS26
QVS207 = Q + (12→ {1, 2, 4, 6, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS21
QVS208 = Q + (12→ {1, 2, 4, 6, 11}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS22
QVS209 = Q + (12→ {1, 2, 4, 7, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS20
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QVS210 = Q + (12→ {1, 2, 4, 7, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS20
QVS211 = Q + (12→ {1, 2, 4, 7, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS20
QVS212 = Q + (12→ {1, 2, 4, 7, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS20
QVS213 = Q + (12→ {1, 2, 4, 8, 9}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS26
QVS214 = Q + (12→ {1, 2, 4, 8, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS21
QVS215 = Q + (12→ {1, 2, 4, 9, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS21
QVS216 = Q + (12→ {1, 2, 5, 6, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS19
QVS217 = Q + (12→ {1, 2, 5, 6, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS21
QVS218 = Q + (12→ {1, 2, 5, 6, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS21
QVS219 = Q + (12→ {1, 2, 5, 6, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS21
QVS220 = Q + (12→ {1, 2, 5, 7, 8}) {{2, 11}, {3, 4}, {4, 9}, {5, 13}, {6, 7}} {{3, 5}} Q′VS18
QVS221 = Q + (12→ {1, 2, 5, 7, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS19
QVS222 = Q + (12→ {1, 2, 5, 7, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS19
QVS223 = Q + (12→ {1, 2, 5, 7, 11}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS18
QVS224 = Q + (12→ {1, 2, 5, 8, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS26
QVS225 = Q + (12→ {1, 2, 5, 8, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS26
QVS226 = Q + (12→ {1, 2, 5, 8, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS26
QVS227 = Q + (12→ {1, 2, 5, 9, 10}) {{1, 2}, {3, 4}, {4, 10}, {5, 13}, {6, 8}} {{3, 5}} Q′VS24
QVS228 = Q + (12→ {1, 2, 5, 9, 11}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS26
QVS229 = Q + (12→ {1, 2, 6, 7, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS230 = Q + (12→ {1, 2, 6, 7, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS18
QVS231 = Q + (12→ {1, 2, 6, 8, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS20
QVS232 = Q + (12→ {1, 2, 6, 8, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {10, 13}} {{9, 10}} Q′VS24
QVS233 = Q + (12→ {1, 2, 6, 8, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS24
QVS234 = Q + (12→ {1, 2, 6, 9, 10}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS24
QVS235 = Q + (12→ {1, 2, 7, 9, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS19
QVS236 = Q + (12→ {1, 2, 8, 9, 10}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS19
QVS237 = Q + (12→ {1, 3, 4, 5, 6}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS238 = Q + (12→ {1, 3, 4, 5, 7}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS28
QVS239 = Q + (12→ {1, 3, 4, 5, 8}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS22
QVS240 = Q + (12→ {1, 3, 4, 5, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS241 = Q + (12→ {1, 3, 4, 5, 10}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS242 = Q + (12→ {1, 3, 4, 6, 8}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS21
QVS243 = Q + (12→ {1, 3, 4, 6, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS19
QVS244 = Q + (12→ {1, 3, 4, 6, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS19
QVS245 = Q + (12→ {1, 3, 4, 7, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS20
QVS246 = Q + (12→ {1, 3, 4, 7, 10}) {{2, 11}, {3, 4}, {3, 13}, {4, 9}, {6, 7}} {{2, 3}} Q′VS28
QVS247 = Q + (12→ {1, 3, 4, 8, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS248 = Q + (12→ {1, 3, 5, 6, 8}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS249 = Q + (12→ {1, 3, 5, 6, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS19
QVS250 = Q + (12→ {1, 3, 5, 6, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {10, 13}} {{9, 10}} Q′VS19
QVS251 = Q + (12→ {1, 3, 5, 7, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS21
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QVS252 = Q + (12→ {1, 3, 5, 8, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS21
QVS253 = Q + (12→ {1, 3, 5, 8, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS26
QVS254 = Q + (12→ {1, 3, 5, 9, 10}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS26
QVS255 = Q + (12→ {1, 3, 6, 8, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS19
QVS256 = Q + (12→ {1, 3, 6, 8, 10}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS26
QVS257 = Q + (12→ {1, 4, 5, 6, 8}) {{1, 11}, {1, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS258 = Q + (12→ {1, 4, 5, 6, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS21
QVS259 = Q + (12→ {1, 5, 6, 8, 9}) {{1, 2}, {1, 13}, {4, 5}, {4, 10}, {7, 8}} {{1, 11}} Q′VS18
QVS260 = Q + (12→ {2, 3, 4, 5, 6}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS30
QVS261 = Q + (12→ {2, 3, 4, 5, 8}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS18
QVS262 = Q + (12→ {2, 3, 4, 5, 9}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS18
QVS263 = Q + (12→ {2, 3, 4, 5, 10}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS264 = Q + (12→ {2, 3, 4, 5, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS18
QVS265 = Q + (12→ {2, 3, 4, 6, 8}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS24
QVS266 = Q + (12→ {2, 3, 4, 6, 9}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS18
QVS267 = Q + (12→ {2, 3, 4, 6, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {6, 13}} {{5, 6}} Q′VS18
QVS268 = Q + (12→ {2, 3, 4, 6, 11}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS18
QVS269 = Q + (12→ {2, 3, 4, 8, 9}) − − Qh
QVS270 = Q + (12→ {2, 3, 4, 8, 10}) {{2, 11}, {4, 5}, {4, 9}, {6, 7}, {8, 13}} {{6, 8}} Q′VS18
QVS271 = Q + (12→ {2, 3, 4, 8, 11}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS22
QVS272 = Q + (12→ {2, 3, 4, 9, 10}) {{2, 11}, {4, 5}, {4, 9}, {7, 8}, {9, 13}} {{8, 9}} Q′VS18
QVS273 = Q + (12→ {2, 3, 4, 9, 11}) {{1, 2}, {4, 5}, {4, 10}, {7, 8}, {11, 13}} {{1, 11}} Q′VS18
QVS274 = Q + (12→ {2, 3, 4, 10, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS22
QVS275 = Q + (12→ {2, 3, 5, 6, 8}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS18
QVS276 = Q + (12→ {2, 3, 5, 6, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS18
QVS277 = Q + (12→ {2, 3, 5, 8, 9}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS20
QVS278 = Q + (12→ {2, 3, 5, 8, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS19
QVS279 = Q + (12→ {2, 3, 5, 8, 11}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS18
QVS280 = Q + (12→ {2, 3, 5, 9, 10}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS19
QVS281 = Q + (12→ {2, 3, 5, 9, 11}) {{1, 11}, {3, 4}, {4, 9}, {6, 8}, {9, 13}} {{8, 9}} Q′VS18
QVS282 = Q + (12→ {2, 3, 5, 10, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS18
QVS283 = Q + (12→ {2, 3, 6, 8, 9}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS28
QVS284 = Q + (12→ {2, 3, 6, 8, 10}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS26
QVS285 = Q + (12→ {2, 3, 6, 8, 11}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS20
QVS286 = Q + (12→ {2, 3, 6, 9, 10}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS21
QVS287 = Q + (12→ {2, 3, 6, 9, 11}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS19
QVS288 = Q + (12→ {2, 3, 6, 10, 11}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS18
QVS289 = Q + (12→ {2, 4, 5, 8, 10}) {{1, 11}, {2, 13}, {3, 4}, {4, 9}, {6, 7}} {{1, 2}} Q′VS19
QVS290 = Q + (12→ {2, 4, 5, 8, 11}) {{1, 11}, {3, 4}, {4, 9}, {6, 7}, {8, 13}} {{7, 8}} Q′VS21
QVS291 = Q + (12→ {2, 4, 5, 9, 10}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS18
QVS292 = Q + (12→ {2, 4, 5, 9, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS19
QVS293 = Q + (12→ {2, 4, 6, 8, 11}) {{1, 2}, {2, 13}, {3, 4}, {4, 10}, {6, 8}} {{2, 3}} Q′VS32
Continued on next page
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Q Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
QVS294 = Q + (12→ {2, 4, 6, 9, 10}) {{1, 2}, {4, 5}, {4, 10}, {6, 13}, {7, 8}} {{6, 7}} Q′VS22
QVS295 = Q + (12→ {3, 4, 5, 9, 10}) {{1, 2}, {3, 4}, {3, 13}, {4, 10}, {6, 8}} {{2, 3}} Q′VS18
Qg Vertex Splits
Vertex Split Delete Contract Minor
QgVS1 = Qg + (1→ {2, 7}) − {{12, 13}} QVS1
QgVS2 = Qg + (1→ {2, 11}) − − QgVS2
QgVS3 = Qg + (1→ {2, 13}) − {{12, 13}} QVS1
QgVS4 = Qg + (2→ {1, 3}) − {{12, 13}} QVS3
QgVS5 = Qg + (2→ {1, 11}) − − QgVS5
QgVS6 = Qg + (2→ {1, 13}) − {{12, 13}} QVS5
QgVS7 = Qg + (3→ {2, 4}) − {{12, 13}} QVS6
QgVS8 = Qg + (3→ {2, 5}) − {{12, 13}} QVS7
QgVS9 = Qg + (3→ {2, 13}) − − QgVS9
QgVS10 = Qg + (4→ {3, 5}) − − Qn
QgVS11 = Qg + (4→ {3, 9}) − {{12, 13}} QVS10
QgVS12 = Qg + (4→ {3, 10}) − {{12, 13}} QVS11
QgVS13 = Qg + (4→ {3, 13}) − {{12, 13}} QVS12
QgVS14 = Qg + (4→ {5, 9}) − {{12, 13}} QVS11
QgVS15 = Qg + (4→ {5, 10}) − {{12, 13}} QVS10
QgVS16 = Qg + (4→ {5, 13}) − {{12, 13}} QVS12
QgVS17 = Qg + (4→ {9, 10}) − − Qo
QgVS18 = Qg + (4→ {9, 13}) − {{12, 13}} QVS12
QgVS19 = Qg + (4→ {10, 13}) − {{12, 13}} QVS12
QgVS20 = Qg + (5→ {3, 4}) − − QgVS20
QgVS21 = Qg + (5→ {3, 6}) − {{12, 13}} QVS7
QgVS22 = Qg + (5→ {3, 12}) − {{12, 13}} QVS6
QgVS23 = Qg + (6→ {5, 7}) − {{12, 13}} QVS3
QgVS24 = Qg + (6→ {5, 8}) − {{12, 13}} QVS5
QgVS25 = Qg + (6→ {5, 12}) − − QgVS25
QgVS26 = Qg + (7→ {1, 6}) − {{12, 13}} QVS1
QgVS27 = Qg + (7→ {1, 8}) − {{12, 13}} QVS1
QgVS28 = Qg + (7→ {1, 13}) − − QgVS28
QgVS29 = Qg + (8→ {6, 7}) − − QgVS29
QgVS30 = Qg + (8→ {6, 9}) − {{12, 13}} QVS5
QgVS31 = Qg + (8→ {6, 12}) − {{12, 13}} QVS3
QgVS32 = Qg + (9→ {4, 8}) − {{12, 13}} QVS6
QgVS33 = Qg + (9→ {4, 10}) − − QgVS33
QgVS34 = Qg + (9→ {4, 12}) − {{12, 13}} QVS7
QgVS35 = Qg + (10→ {4, 9}) − − QgVS35
QgVS36 = Qg + (10→ {4, 11}) − {{12, 13}} QVS6
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Qg Vertex Splits – continued from previous page
Vertex Split Delete Contract Minor
QgVS37 = Qg + (10→ {4, 12}) − {{12, 13}} QVS7
QgVS38 = Qg + (11→ {1, 2}) − − QgVS38
QgVS39 = Qg + (11→ {1, 10}) − {{12, 13}} QVS3
QgVS40 = Qg + (11→ {1, 12}) − {{12, 13}} QVS5
Qh Vertex Splits
Vertex Split Delete Contract Minor
QhVS1 = Qh + (1→ {2, 7}) − {{12, 13}} QVS1
QhVS2 = Qh + (1→ {2, 11}) − − QhVS2
QhVS3 = Qh + (1→ {2, 12}) − {{12, 13}} QVS1
QhVS4 = Qh + (2→ {1, 3}) − {{12, 13}} QVS3
QhVS5 = Qh + (2→ {1, 11}) − − QhVS5
QhVS6 = Qh + (2→ {1, 13}) − {{12, 13}} QVS5
QhVS7 = Qh + (3→ {2, 4}) − {{12, 13}} QVS6
QhVS8 = Qh + (3→ {2, 5}) − {{12, 13}} QVS7
QhVS9 = Qh + (3→ {2, 13}) − − QhVS9
QhVS10 = Qh + (4→ {3, 5}) − − Qs
QhVS11 = Qh + (4→ {3, 9}) − {{12, 13}} QVS10
QhVS12 = Qh + (4→ {3, 10}) − {{12, 13}} QVS11
QhVS13 = Qh + (4→ {3, 13}) − {{12, 13}} QVS12
QhVS14 = Qh + (4→ {5, 10}) − {{12, 13}} QVS10
QhVS15 = Qh + (4→ {5, 13}) − {{12, 13}} QVS12
QhVS16 = Qh + (5→ {3, 4}) − − QhVS16
QhVS17 = Qh + (5→ {3, 6}) − {{12, 13}} QVS7
QhVS18 = Qh + (5→ {3, 12}) − {{12, 13}} QVS6
QhVS19 = Qh + (6→ {5, 7}) − {{12, 13}} QVS3
QhVS20 = Qh + (6→ {5, 8}) − {{12, 13}} QVS5
QhVS21 = Qh + (6→ {5, 12}) − − QhVS21
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Appendix I
Embeddings for Chapter 5
This appendix contains projective embeddings of the contractions and deletions of F1, F2,
F3, F45, and F67 needed for proof of Lemmas 5.4.1–5.4.5.
Embeddings for F1
Below are the projective embeddings of the contractions and deletions of F1 needed for the


















































































F1\{2, 4},F1\{6, 8} F1/{2, 4},F1/{6, 8} F1\{2, 6},F1\{4, 8} F1/{2, 6},F1/{4, 8}
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Embeddings for F2
Below are the projective embeddings of the contractions and deletions of F2 needed for the



























F2\{1, 2},F2\{1, 5} F2/{1, 2},F2/{1, 5} F2\{1, 3},F2\{1, 6}, F2/{1, 3},F2/{1, 6},

























F2\{1, 4},F2\{4, 7} F2/{1, 4},F2/{4, 7} F2\{2, 4},F2\{4, 5} F2/{2, 4},F2/{4, 5}
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Embeddings for F3
Below are the projective embeddings of the contractions and deletions of F3 needed for the























































































F3\{2, 4},F3\{6, 8} F3/{2, 4},F3/{6, 8} F3\{2, 6},F3\{4, 8} F3/{2, 6},F3/{4, 8}
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Embeddings for F45
Below are the projective embeddings of the contractions and deletions of F45 needed for the



























F45\{1, 2},F45\{6, 7} F45/{1, 2},F45/{6, 7} F45\{1, 4},F45\{1, 5}, F45/{1, 4},F45/{1, 5},



























F45\{2, 3},F45\{3, 6} F45/{2, 3},F45/{3, 6} F45\{3, 4},F45\{3, 5} F45/{3, 4},F45/{3, 5}
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Embeddings for F67
Below are the projective embeddings of the contractions and deletions of F67 needed for the





























F67\{1, 2},F67\{5, 6} F67/{1, 2},F67\{5, 6} F67\{1, 3},F67\{1, 4}, F67/{1, 3},F67/{1, 4}






































F67\{3, 4} F67/{3, 4}
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